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Septesber 19th 1861, 90 years ago, ata of German 
and medical men at Speyer in Germany, e young Russian chemist, Butlerov, read é 
paper entitled *?The Chemical Structure of Substances", This paper marked the 
beginning ‘of a new phase 4n chemical ecience end was a turning point in the de- . 
velopment of theoretical concepts in organic chemistry. To me has fallen the 


great honor pf delivering e discourse on the subject this 
in the history of chehistry. 


Thinking over the question of how best to demonstrate the great signifi- . 

cance of Butlerov' scientific feat, I came to the conclusion that I ought, as 
. far es my time and knowledge permit, to unfold before you a picture of the theo- | 

retical views, particularly those within the realm cf organic chemistry, which ~ 
were dominent in the first end beginning of the second half of the nineteenth ; 
century among West European chemists, and, on this background, to portray .the 
numerous obstacles and difficulties, and later struggle, which Butlerov had to 
withstand and overcome, before his brilliant theory of the structure of organic. 
compounds obtained the rights of citizenship and became enbodied in science. 


At the beginning of the last century, the electrochemical theory of Devy ent 
Berzelius held sway emong chemists everywhere, and it may certainly be considered 
that the electrochemical theory embraced all the types of chemical compound known 
at that time. In Berzelius's opinion, every chemical compound could be imagined 
to consist of two oppositely charged parts, and, in particular, in such typical 
cases as the alkali salts of strong acids, there were to be distinguished in the 
meke-up of the compound a negatively charged part, or acid, such as SO3 (by an 
acid Berzelius understood whet we should now call an acid enhydride), and @ pos-. 
itively charged base, such as K20. On Rerzelius’s theory, an acid must contain 
oxygen, which was then regarded as the most electronegative element. However, 


_ already in 1810, Davy failed to detect oxygen in the bi epee of halogens, 
“which, nevertheless, formed real salts. ~ 


.A poverful blow was dealt to the electrochemical theory of Secvaiios by the 
work of the French chemist Beptiste Dumas, who in 1834 discovered that in organic 
compounds, particularly in organic ecids, such as acetic acid, one, two, or three _ 
proportions of electropositive hydrogen could be replaced by one, two, or three” 
proportions of electronegative chlorine, without essential. change in the charac- 
_ iter of the compound. .this phenomenon received the name of metalepsy (f1.e.,> 


1) read et a general of ‘of Chemical hela on 
26th September, 1951, in celebration of the completion of eee ae since A. M. 
Eutlerov's paper on the Chemical Structure of 
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substitution - Translator). At the same time, this reaction served Dumas as a | 
sterting point for the creation of the so-called theory: of types. As is well 
xnown, Dunas distinguished chemical types and mechanical types. It may be noted 
that Dumas! right to priority for the discovery of the metalepsy reaction was 
disputed by the French chemist Laurent. . 


It is appropriate here to draw your attention to the difficulty with which 
new. facts and new views’ become accepted in science and to the obstinacy with 
which supporters of the old views, in this case the eminent Swedish chemist 
Berzelius, defended their scientific theories and convictions. For ® long time, 
Berzelius, in spite of the evidence, resolutely denied the resemblance in type | 
between acetic and trichloroacetic acids, pointing out that with respect to their j 
physical properties these compounds do not resemble one another in the slightest ~ 
Gegree. To this, as it seemed to Berzelius, substantial objection Dumas replied .- 
in an erticle in which, among other things, he wrote: "I have known for.a long -*.. 
tine that replacement of hydrogen in a volatile compound by chlorine makes the _ 
substance specifically heavier, less"volatile, and possessed of a denser vapor,- 
it is clear therefore that Berzelivs's objections are not relevant to the view | 
I have expressed™, 


Also, Dumas wrote in his article: "I have observed a very remarkable reac-_ 
tion when any alkali acts on trichloroacetic acid: the ecid breaks down into two 
bodies, carbonic acid, which unites with the alkali, and free chloroform. ... - 
I was convinced and even predicted in my memofr that acetic acid would be capable 
of an analogous reaction, i.e., that under the action of excess alkali it would 
be converted into carbonic ecid and a hydrocarbon of formula C,He” (in modern ~ 
languege CH,, or methane A.E.A.). means, Dumas remarks further, ** that 
ecetic acid and trichloroacetic acid have analogous properties. . . . and belong 
to the same organic type", 2 


Extending the concept of substitution, Dumas considered it probable that. 
hydrogen in organic compounds could be replaced not only by chlorine or other - 
elerents, but also by complex groups, i.e., radicals, which in these cases play, 


pe it were, the part of actual elements. Later, Dumas came to still wider conclu- 
sions. 


‘Until now," wrote Dumas, "I have argued as if the substitution lew could - 
be actually applied only to the replacement of hydrogen, -which was indeed the — 
first to be observed. . . ., but it sould be .noted,® Dumas writes further, "that 
also carbon . . . and consequently all elements in an organic compound may be suc 
cessively displaced and replaced by others®, 


It must be remarked here that this hyperbolical generalization of Dumas was 
at the time subjected to harsh and even humorous criticism (I am thinking here ~ 
of Wohler’s well known letter), but the very fact that some elements may be re-. ~ 
pleced by others served as a fresh starting point in the development of theoreti-° 
cal ideas in chemistry. For the further development of theoretical ideas in _- - 
chemistry, particularly in organic chemistry, science is indebted to the French 
chemists Gerhardt and Laurent. In 1641, Gerhardt obtained the chair of organic ~ 
chenistry at Montpelier, and, faced with the task of expounding organic chemis- 
try to a student audience, he must have met with all those difficulties that vere. 
bound to present themselves to every teaching chemist at that period in the evo- 
iution of organic chemistry, when, @s @ result of the rapid development in pre-_ 


)cozptes rend. 9 (1839); Comptes rend. 10, 149-178 (1840), 9.5 ~~ 


chentetry and of the multitude of new conpountts that had been 
prepared and of new facts that had been discovered, there was a mass of accumie' . 
lated material that could not be within the of the 
istic theory of Berzelius. 


The basic problens and aims of research chemists vere formulated by Gerhardt 
in the following words: ‘Chemistry concerns iteelf with the chenges of matterg 
its attention is focused on transformations ~ it is here thet its essential nature” 
‘ldes; it investigates the origin of substances; it records their past and indi- 

. eates their future; it keeps track of a substance through ite various phases une 
til its return to ite original state ~ I do not say ‘until its end,!* remarks ea 
Gerhardt, “because it has no end. Matter is not 
(Introdction a Je chimie uniteire.) 


Gerhardt's great service in the development of theoreticel ‘Wie: 
delimiting of the concepts of atom, particle (i.e.,; molecule — Trensletor), come. 
dining weight, and equivalent. Before Gerhardt’s tire, chemists had attributed 
S atomic weights to the verious elements in rather arbitrary fashions thus, for oxy-_ 

_ gen. some assumed the atomic weight to be 8, while others assured it to be 16, : 
étomic weights of 6 and 12 were quoted for carbon, end 50 on. is confusion ses, . 
of course, reflected also in the representation of the formulas of compounds, 
Gerhardt shared the honor-of esteblishing these most important concepts of chéen- 
istry with his friend and supporter Iaurent, who must be given the credit for the 
important idea of taking the volume occupied by a definite amount of a substance 
in the gas or vapor state es the unit the 
Ampere hypothesis. ; 


When discussing the of the distinction betwe reen 
of etom, particle, and equivalent, chemical historiens nearly always mention the 
nemes of these two French chemists together. It 4s necessary to edd that their. 
work of reforming the whole of chenistry hed elso its weak espects, perticularly 
in connection with the determination of the atomic of the 
silver, etc. 


The impossibility, with the ‘technique at ‘the time, 
comparing in the vapor state the volumes of alkali metal or silver compounds with 
the volures of compounds of other elements led Gerherdt and Laurent to propose 
incorrect values for the atomic weights of many elenents. This circumstence 
greatly undermined the faith of chemists in the usefulness of the reform pro- 
posed by Gerhardt end Leurent. Later, the above-mentioned difficulties were 
- overcome by the Italian chemist Cannizzaro, who, in the estimation of the atomic 
weights of the metals, made use of vapor Gensity determinations on certain of 
their volatile compounds and also of the law of Dulong and Petit. 


At an international congress of chemists at Kerlsruhe in’ September 1860, 
i.e., a year before Butlerov read his peper et Speyer, @ communication was rade. 
by Cannizzero, and a resolution was then passe’ in which principles were laid: - 
down for the delimitation of the concepts of atom, particle, and equivalent. ee 
The atomic weights proposed by Cennizzaro for tke elements were accepted by the 
great majority of chemists and been in science 
fron ‘that time on. Sarge 


The distinction between the concepts ‘of ‘and particle ésteblishea by 
Gerhardt and Laurent and the replacement ‘of a four-voluze formula by @ two-volume 
formula made it possible for’ these reformers to alter the formulas of en enormous 
number of substances and, on the basis of the substitution phenomena discovered 
by Dumas, to decleim energetically egainst the dualistic concepts of Berzelius. © 
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creation of the so-called unitary system or theory. 
The unitary system and the new particle weights made it impossible to epply 
Berzelius's dualistic formulas to such compounds as nitric acid, the caustic ale 
yalis, and many others. Radicals, which on earlier views could exist es separate 
porticles (compounds), were represented according to the new views as groups of 
atous, which could go from one compound to another, or could replace individual 


The phenomenon of substitution and the new concept of radicals enabled ; 
Gerhardt, and at the same time Williamson, to regard complex compounds as deriva- 
tives of simpler ones. From this arose the so-called theory of types, which 
aided the development of synthetic orgenic chemistry to an extraordinary extent. 


May I draw your attention to yet another chemical phenomenon = that which 


has come to be called isomerism. At the beginning of the nineteenth century, - 


tervalency. 


even such great thinkers as Berzelius supposed that the properties of chemical 
substances were entirely determined by their compositions. Hence, when in 182% 
Liebig and Wohler established the composition of silver fulminate and s0 the 


ecuposition of fulminic acid and Wohler showed by exact analysis that cyanic acid | 
has the sexe composition as the fulminic acid of Liebig and Cay-Iussac, this new. 


phenomenon drew very great attention from chenists. 


On this occasion Berzelivs announced categorically that the cause of the in-- 


explicable coincSdence must be sought in inaccurate analysis. At first Liebig 
held the same view. Iater, however, Liebig himself confirmed by analysis the 


identity in composition of the salts of fulminic end cyanic acis. Very quickly, 7 


examples similer to that cited began to multiply, end Berzelius himself acknow- 
ledged the existence of a new phenomenon and gave it the name “isomerism.” I do 
not need to go into further deteils, but will mention only that some time passed - 
before chenists distinguished the phenozenon of isomerism from polymerism end 
metemerism. The phenomenon of isomerism, as we can now well understand, was 
bound to pley, and in fact @id play an important role in the development of the 
theory of the structure of organic compounds. ee 2 : 


The next stage, which brought chemists nearer, first to setting, and then 
to solving problems on the structure of organic compounds, was the theory of the’ 
atonicity of elements (valency). The honor of establishing the concept of 
velency belongs to the English chemist Frankland, who, already in 1852, estab- 
lished that "no matter what the character of the uniting atoms may be, the _com- 


bining power of the attracting element is always satisfied by the same nuniber 
of these atoms." 


Although, in the first place, Franklend esteblished this lew for inorganic 
ccnpounds — compounds of-nitrogen, phosphorus, antimony, arsenic, and tin the. 
German chemist Kolbe, on the basis of some very original and unusual considera- 


tions, later (1857) extended Frankland's idea to cerbon and so acknowledged car- _ 


bon as &@ quedrivalent element, admitting, however, at the same time that there ie 
Bre cases of bivalent carbon, e.g., in carton moncxide, and even cases of 


Independently of Kolbe, the German chemist Kekule in the same yeer, 1857, 
starting from quite different premises, also arrived at the idea of the valency 


_ of the elements, and also recognized the quadrivalency or tetrabasicity of the 


“came to the idea of the chaining together of carbon atoms in these compounds.. 


carbon atom, citing as the simplest exemples the formulas of methane and carbon 
tetrachloride; at the same time, he assumed the atomic weight of carbon to be 6. 
In the next year, 1858, Kekule made the extremely important step of extending 

the quadrivalency of carbon to compounds containing several carbon atoms and so 


: 


| 
| 


In his article "he Conutitutton of Chemica Compounds, and 

the Chemical Nature of Carbon" Kekule wrote: "for substances containing several 
carbon atoms, it is necessary to assume that at least some of the atoms are held . 

4n combination by the combining power of carbon and that’ the carbon atoms are 
‘themselves united one to enother, part of the combining power of one of them be- | 
ing, of course, bound up with the rané proportion of the ccerbining power ‘of ane.’ 
‘other.*® This rule for the chaining together of carbon atoms Kekule extends also 

to cases in which cerbon atoms are combined with other i elements, e. 8 > 
in the simplest cases, oxygen end nitrogen. 


Here I approach the most important point of ry discourse the question 
what chemists of thet time thought of the possibility of representing the inter= oo al 
nal structure of chemical aolecules in formules. It will be obvious that in my - 


short historical sketch I have not aa7e much _— to lack of time and to the © 
wideness of the subject. - 


The evolution of chemistry, in the period prior to ‘the 
creation of the theory of chemical structure by Butlerov, proceeded by a more come. 
plicated path than that which I have portrayea above. It will be cufficient here 
to mention the experimental investigations ef.Williemson on the formation of - 
ethers end the investigations of Gerhardt on the formation of the anhydrides of © 
organic acids, which led to the osecsinnen of e moleculer formula for these sub~ 
stances that was doubled with respect to that previously accepted.’ / 


The development of ideas concerning the ie, pe of ecids by Berzelius 
and Liebig and of idees concerning the polyhyéricity of aicohols by Berthelot, - 
Wurtz, end others also played an important role in questions relating to the fore - 
mulation of the besic conceptsof chemistry, which led to the creation of the : 
theory of chemical structure. Ferzelius and his followers elreedy used what they* . 
called “retional’* formulas, which in their opinion expressed the chemical ‘cone. 


stitution, understood as the -presence in complex substances of sepsrate groupe - 
of atoms, i.e., radicals.: 


Gerhardt, as the leader of the 1 new movenert in hed 
ferent view on the significance.of raticral forrulas. Gerhardt understood the” 
rational formules and constitutions of compounds more in terms of their reac- 
tivities than their structures. Gerhardt taught, and was himself firmly con-. 
vinced, that a chemist can have knowledge of a compovnd only in the course of 
chenical reactions, i.e., only when it has ceased to exist as such, and a chemist * 
can therefore know and study only the rest and the future of a substance. _ 
eccordance with what we have just stated, according to Gerkardt, each substance. 


cen be assigned as many rational formulas as there are different ee of trans- 7 
formation to which it may be subjected. 


On the other hand, the theory of types and the theory of wissen. often : 


led their adherents to. completely wrong conclusions. Thus, for ethane, as a 


derivative of the hydrogen type, there vas the possibility of two isomers: disub-" 
stituted hydrogen ~ dimethyl, and monosubstituted hydrogen — ethyl hydride, and . 
only by the experimental investigations of Schcriemmer was it shown that dimethyl | 
and ethyl hydride are one and the seme compound. estore 4 the arbitrary applica- 
tion of the substitution mechanism later led even some of the most eminent chem=- . 
ists to conclusions that hed nothing in common with actuality. In this respect, ~ 


the activity of one of the first-class Cerm2n chenists the brillient 
talist H. Kolbe, is of particuler significance. 


| 
| 


Kolbe was & vehement opponent of Gerherdt*s new ideas in his 
cal conceptions he reverted in many respects to the old views of Perzelius, re-~ 
Jecting ‘the, unalterability of raflicals in course of chemical 
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Indeed, Kolbe aimed, in a special sense, at: arriving at the chemical "constitu. 
tions"! of compounds, by which he understood the chemical relations of the sep- 
components and not the dispor ition of the atoms relative to one another in 
sprees $n fact, he constantly expreesed doubt whether the determination of the 
disposition of atoms jn space wovld ever become eusceptible to study. The incor 
rect, though in many respects original, theoretical premises of Kolbe, while lead 
ing to some successful predictions concerning the existence of hitherto unknown 
compounds, led very often also to some quite incorrect conclusions. Using the 
cibsiitution theory, Kolbe successfully predicted the existence of sec.-propyl 
“plcohol and tert.-butyl alcohol. It should be particularly noted that in inter. 
pretirg, Bubstitution phenomena Kolbe madzone additional postulate, viz., that~ 


' 8n the course of substitution, the “root radical", i.e., in the simplest case, 


the curvon atom in the compound, is to be distinguished in sone way from the car 
bon atom entering as substituent, or, as Kolbe expresses it, the former "domi- 
rates’! over the Jatter. On this basis Kolbe considered that two isomers were 
passible for acetone, end he denoted the carbon of the “root radical" by heavy 
type in the formule. According to Kolbe, one isomer of acetone is doubly - 
methylated carbonic acid, end the other is acetylated methane (Fig. 1). The 
sciuil facts, of ere not An accord with these speculations of. 


Kolbe. 
H It should be mentioned here that Butlcrov had 
h ° ; @ high regard both for the experimental and for th 
c theoreticvul work of Kolbe, and he considered that 
CHs - only misunderstanding and obstinacy in defending 
CHACO m* co his own views prevented Kolbe fron associating him 


self with the new movement in the science. Howevey 
the most interesting matter is the position taken 
up by Kekule on the burning questions of the day. 
I have already said that we owe to Kekule the es-- 
lishment of the quedrivelency of the carbon atom * 
and of its ebility to form carbon chains. Tater, Kekule came to acknowledge the 
necessity of examining the constitutions of ccmpounds, sterting from a consider 
ation of the nature of elements, particulerly as expressed by their valency. “In 
this way Kekule moved right up to the problem of the structure of organic con-. 
pouncs, but he did not make the decisive step, which speaks very clearly of his ° 
eititude in principle to the problem of structure. At the end of his 1858 ar-. 
ticle Kekule writes: "In conclusion, I consider it necessary to point out that 

I myself attribute only secondary isportance to considerations’ of this 
(i.e., considerations concerning structure A.E.A.). . 


Fig. 1. Kolbe's formula 


Subsequently, Kekule remained for a long time under the sway of Gerhardt's 
ideas, and in his well known textbook of organic chemistry, published 1859-1861, 
he makes wide use of "rational" formalas in the manner of Gerhardt. The fol- 
lowing examples will serve to confirm this: for acetaldehyde Kekule gives four 
formas, for acetone — also four formulas, etc. Only by way of exception does 
Kekule give a few graphical formules drawn in very ponderous style. suave te 
mulas gre given in Fig. 2. 


Aimost at the same time as the tiintiaaiiaitiniliade article of Kekule there ep- 
peared an article, published in three languages, by the English chemist Couper 
entitled "A new chemical theory™. Couper, independently of Kekule, concluded 
that investigation into the structures of chemical compounds and into Vet reac. 
tions must start from the concept of the valency of elements. | 


Assuming valencies of 4 and 2 for carbon, Couper postulates the following 
two cases: 
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1) It i. carbon A.E. with the sare of of 
hydrogen, chlorine, oxygen, sulfur, which 
satisfying their combining powers. 


‘2) It (4.e., carbon A.E.A.) unites with itself. . On the basis of 
these theses Couper, in his article, gives a nuuber of structwwrel formulas 
examples;. in many ways they are .reminiscent of modern or formulas. 


‘of Coupé formulas are given in Fig: 


- 


Acetonitrile. 


In his erticle Couper gives 
£lso @ number of incorrect form- 
ulas, e.g., those for oxalic 
acid, glycerol, and others.” 
Couper's scientific activity 
was suddenly cut.short, and he 
was not eble to publish the 
second article that he had ~ 
promised on the question of the 
structure of chemical compounds. 


Somewhat leter, an article 
by the German physicist Los- 
chnidt appeared. In this, an 
enormous number of *consti- 
tutional formulas of organic — 
chemistry in graphical repre- 
sentation", bascd on purely spec- 
ulative considerations, were _ 
given. The spheres of action | 
of the supposed atomic forces. 
were represented by Loschmidt 
by circles of various dia- 
meters. As an example, I am~™ 
giving a few of Loschmidt 's 
formulas (Fig. 4). 


Here I wish particularly to state and to emphasize that the purely ceili Ss 
tive attempts of Couper and Loschmidt to represent the structures of organic com- . 


OH 
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Fig. 5. 


Kekule's formes 


Couper's formulas: 
2) ethylene glycol; 


oxalic acid. 


OH] .- 
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pounds, attempts that were not, basec on experinental material an¢ not supported. 


by any factual results, passed at the time almost unnoticed and therefore did not 


and could not influence the course of the development of the problem of head struc 
’ ture of organic or, in the widest sense, 


chemical compounds. 


This, in @ few coarse strokes, is my picture of the state of theoretical. 
ideas chemistry at the end of the sixties and of the or . 


acetic acids 
3) n-propyl alcohol; - 


| 


. 
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the last cnliion. There was a fceling that a new phase in the evolution of chem-— 
{etry was about to begin, but 4t necded the genius of Butlerov for the Rubicon 


to be. for Bcheace to move forward, 


Fig. 4. Loschmidt's formules: 1) water; 
2) ammonia; 3) methane; 4) ethylene; 

5) acetylene; 6) benzene nucleus; 7) 
benzene;. 8) dimethyl ethér; 9) ethyl © 
alcohol; 10) cresol; 11) benzyl alcohol, 


It must not be thought, however, that Butlerov found it easy to cross the ~ 
Rubicon,-es I have put it. In 1857, efter returning fron his first visit abroad, 
Butlerov gave his students a course in orgenic chemistry, still following Ger- 

_hardt's system, but alreedy in 1859, Butlerov states that "the time has come for 
us to go beyond Gerhardt". By the end of 1860 Butlerov's theory of chemical struc- 


ture had fully matured, and he decided to share his ideas with West European 
chenists, 


The paper under the title of 'Einiges uber die chemische resis der Korper® 
— or translated literally: "Something concerning the chemical structure of 
bodies" ~ was read by Butlerov in the chemical section of the 36th congress of 
Cernan naturalists and physicians on, as we have already stated, September 19th, | 
1€61 at Speyer. This paper is remarkable in that Butlerov, for the first time 
in the history of chemistry, clearly states the questions at issue concerning the 
current situation in theoretical chemistry and announces the basic theses of the 
theory of the structure of organic compounés,. : 


The Russian text of Butlerov's paper, with certain editorial iiitins was 
printed in 1862 in the Scientific Memoirs of Kazan University under the title: 
"Concerning the chemical structure of substances", it formed ean appendix to 
Butlerov's account of his visit abroad. : . 


Permit me now to dwell on some of the more ‘silgeniuaids points in hier 
paper. These consist above all in the definition of the concept of "chemical 
Structure" , which Butlerov, in his paper, formulates as follows: "Starting from ° 
the idea that every chemical atom that-enters into the composition of e body ~ 
takes part in the formation of the latter and acts there with a definite amount 
of the chemical force ‘(affinity) that is inherent in it, I give the name of chem- 
ical structure to the disposition of these forces, in consequence of which the 


MO 


acting directly or indirectly upon one another, unite 
to form a chemical particle®*, This definition of Butlerov is so wide that 4% 
does not depart in essence from that which we understand by chemical affinity ° 

at the present time, in the light of modern ideas er the — of” 

the atom and of the molecule, » 


, The greatest importance nust ‘‘ attached also to the werk of the paper in 
. which Butlerov speaks of the possibility of arriving at the structure of the — 
particles ‘of a substance by chemical by the methods of 
synthesis of organic compounds. 


On this subject Butlerov states hie papert the: 
chemical structure of substences probably can be based most satisfactorily on a. 
study of the methods of their synthesis, preferebly on such syntheses that. can - 
be carried out at temperatures not greatly above nornal and, in general, vnéer.- 


conditions thet allow the building the 
to be followed": 


Later in his paper, Butlerov gives 8 rules for the determination of homteal 
structure. In the present state of our knowlcige,® states Eutlerov, the dee 
termination of chemical structure can te aided by the following rules, which ere - 
deduced from fects and are in part already accepted by the majority of chemists, % 

I shell not go into details ana cite these eight rules. However, the most im-. 

portent place in Butlerov's paper is that in which he considers the question of 
the possibility of expressing the structure of eny substance by x means of rational _ 
formulas. 


As I have indicated briefly above, the tern trational formula™ has been un- | 
derstood in different weys by various chemists at various stages of the evolution 
of chemistry. I will egain nention that, e.g., Gerhardt and, later, Kekule and 
many other chemists considered it possible ana, in fact, es sentiel to express the - 


structure of one end the seme substance by means of several rational formulas. ‘s 
On this question of principle, Butierov’s stand was quite distinct from the views. - 
and convictions of all his predecessors. Butlerov, in fact, in contrast to... 
Gerherdt, Kolbe, Kekule, and other chemists, considered it possible and essential 
‘to express the structure of a definite corpound by means of a single rational . 
formula, i.e., @ single structural formula. In his paper, Butlerov defines the . 
content of the term “rational formula®™ in this way: "If we now make an attempt 
to deter..‘ue the chemical structure of substances, and if we succeed in ex- 
’ pressing it in our formulas, then these formulas will be approximations, in known. 
measure, to the true rational formules. In this sense,?? says Butlerov, "only 
one rational formula is possible for each substance, and when the general lews - 
relating the chemical properties of substances to their chemical structure be-. 
come. known, then such a formula will be an expression of all these properties. 3 


This is the point in the paper that marks the Rubicon -that Butlerov crossed, 
and it gives us the right to-assert that Butlerov is the true creator of the 
theory of chemical structure. Extremely interesting and significant was ‘the reac-4 ; — 
tion of the majority of the chemists present at the congress to Butlerov's peper, 
in this, his first great eppearance before a wide scientific audience. We may 
say, in short, that Butlerov's paper was coldly received by the audience. “Of.- 
all the chemists of that time,** writes Markovnikov on this matter, **only the aged 
Heinz and the young privetdocent Erlenmeyer took up fully these new ideas and bée- 
gan to epply them in their articles; 3 Shortly efterwards, Wislicenus joined them.” 
This state of affairs was very significant: it undoubtedly indicates the state _. 
of confusion that reigned in the minds of West Zuropean chemists SENG the : 
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- gure of organic compounds in greater detail. ay 


On his return to Kezan from his vinkt ebroad, Butlerov engeged in intense a 
nesfentific activity, which was directcd simultancously in two directions theo- 
retical and experimental. First of all, Butlerov wrote a number of articles in & 
Russion, German, and French, in which he developed his new theory of the saeaetit 


Butlerov, being dissatisfied with the development of the theoretical side, 
came to the conclusion that for the success and recognition of his new theory it 
wos essential to obtain new facts in its support, and with exceptional energy he © 
entered upon wide experimental investigations in the poorly equipped Kazan leb- 
oretory. The main result of this period was the celebrated Butlerov synthesis of 
trinethylcarbinol, the first represcntetive of the class of tertiary elcohols, 
the existence end structure of which were predicted by Butlerov on the basis of 
his theory. The preparation by Butlerov of the first representative of en un- 


- ¥nown class of tertiary alcohols was of great importance for the ee end 


consolidation of the theory of chemical structure. 


At this tine, at the height of his creative powers, Butlerov iat See 
sfezous textbook "Introduction to a Comprehensive Study of Organic Chemistry" for 
publication. The first Russien edition of this textbook appeared in 1864 and was’ 
coxpletely sold out by 1866. Butlerov then made another very important step = he 


decided to publish his textbook in German. The German translation was a 
in Jeipzig in 1868, 


The pudlication in Russian ena German by Butlerov of his textbook on the 
study of organic chemistry, a textbook in which, for the first time, the theory 
of structure was applied euccessively to all the classes of organic compounds, 
together with his brilliant researches, of which I have just spoken, changed the 


attitude of West European chemists to the theory of = — a very 
short tine. 


Butlerov's Chiko of structure was not only accepted b: the great — 
of Weet European chemists, but what is mere, Western science, particularly in the 
person of Kekule, started to dispute Butlerov's priority in the creation of the 
theory of chemical structure. 


' However, the little that I have been able to tell you “concerning the evolu- a 
tion. of the problem of the structure of matter shows without any doubt thet not 
the insecure, inconsistent ideas of Kekule on this subject, nor the abstract 
‘notions of Couper and Loschmidt, but the strictly scientific and strictly logical 
conception of Butlerov was the turning point in the developrent of the science of 
chenistry, and I cennot refrain from repeating agein that the inception of the . 
new phase in the development of the theoretical basis of organic ry a: 
made in Butlerov's paper of September 19, 1861. e 


It is very surprising that some scientists, only a few, it must be admit. 
ted, including even eminent scientists such as the French chemist Berthelot, did 
not recognize the theory of chemical] structure for a long time. As is well. , 
known, Berthelot, during practically the whole of his long scientific career, 
did not acknowledge the reality of atoms, considered it even harmful for the 
development of chemistry to use the atomic theory, and used only’ equivalents in: 
-his num2rous articles. This was Berthelot's position when Mendeleev discovered 


the periodic law on the basis of this unknown 
were discovered, : 


is not surprising that the creator of the law, 
even after the discovery of the law, was critical in his attitude toward Butler- - 


Ov's of and to use his own modernized substitution 


10 


—— 


theory in his organic chemistry course, A more stubborn and consistent opponent 
of the theory of chemical Sreueture was the well known Russion —_— chemist . 
N. Ay Menshu itkin, 


In a series of papers, e. in of Isoreriem and their 
tion® , Menshutkin defended views that were obviously out-of-date, and more than 
once Butlerov was forced to come forwerd, in his articles, in defense of his. 
chemical structure theory.. Of such articles, that entitled "*'The Theory of -~ 
Structure and 'the Theory of Substitution'™ was particularly remarkable for its . 
strict exposition and its devastating criticism of Menshutkin‘'s views. ‘This 
article was published in 1885, a year before Butlerov's untimely death. 


I will edd thet, when in 1898 I attended an organic chemistry course at icc 
Zaytsev, the textbook recozmended to the students was the letest edition ra 
of Menshutkin's: "Lectures on Organic Chemistry®. In this edition, the lec- 
tures were based on Butlerov's theory of chemic#1 structure, and in several ~- - 
places the significance of structural theory was emphasized. last 
ponent of Butlerov's theory had been overcome. - 


I would like to conclude my paper briefly vhet 
ettitude was to the significance of theory and experinent in the realm of exper- 
imental sciences. Butlerov was of that rare type of scientist in which the 
genius of e theoretician is combined with a brillient experimentalist, end 
therefore Butlerov's opinion on this matter is perticulerly valuable. 


It seems to ne that an almost exhaustive answer to this question was given’ 
in an obituary written by Butlerov on the occesion of the death of Academician 
Fritsche, This is what Putlerov wrote; "In chemistry we are accustomed to at- 
tribute the honor of discovery principally to the person who in fact made the 
discovery, and not to the one who predicted it on the basis of theory. Our 
theories are still far from perfection; they sre born end they die, continually 
embracing a larger end larger circle of phenomena, but each theory in its time 
leads to the prediction of new facts — to discovery. To establish a theory —- 
this is a great service; to predict a fact on the basis of the existing theory .~ 
- this is within the reach of every chemist and may require but a’ few hours of 
time; but the fectual proof or disproof of such a prensesten mney require whole mi 
montane, sonetines years, of physical and mental effort. 


- 


A. E. Arbuzov 
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“THE DEVELOPMENT OF ORGANIC CHEMISTRY. | 
IN THE LICHT OF A. M. BUILEROV'S 


» - 


ume 


‘Ninety years ego, on” Septemver 19, (new style) 1861, at an international . 
congress at Speyer, & yourg Russian chemist from distent Kazan read a paper on ~ - 
"The Chemical Structure of Suodstances™, in which he expounded his views on the — 
nature of organic compounds, a theory that he called “the theory of the struc-_--" 
ture of organic ccmpounds®, This paper heralded a whole era in the development ~ 
of organic chemistry. The new approach, which will always be associated with the ae 
name of the great Russian chemist Butlerov, resulted in a remarkable development. - ; 
of orgenic chemistry and of the closely linked organic chemical inéustry during “ e 
the whole of the succeeding period. For nearly a century it has been the lode- 
star that guides investigators on through the fantastic lebyrinth of organic com- ~ 
pounds, The orderliness of the grandiose system of organic compounds, built on. 
the foundetion of a few simple premises, namely, the valency of elements, the 
ability of cerbon etoms to unite togethcr in the form of long chains, and the 
disposition of atoms in space in accordance vith the rules of valency, arouses 


involuntery surprise and amazerent in all who make the a of organic. 


Only 26 years before Butlerov's theory of structure came into being, Wohler | 
wrote to Berzelius; "Just now, organic chemistry is encugh to send @ man out of 
his mind. It hes the seme effect on me as virgin tropical forest, full of remark- 
able things and of fantastic unending overgrowth from which it is impossible .to 
extricete oneself end into vhich it is terrifying toplunge™. How has it hap- 
pened that this fantastic unending overgrowth of the virgin tropical forest of 
org2nic compounds has been converted into an orderly system in such a short time? 


An encrnous amount of experimental meterial accumulated by organic chemists 
has been clarified end put into strict order, thanks to the theory of structure. 
It is difficult to name any other theory that has shown the same ability to mske. 
predictions es Butlerov's theory of the structure of organic compounds, Tens and »~ 
hundreds of thousands of compounds predicted by the theory of structure have been. 
prepared and have served as a brilliant confirmation of the correctness of this .. 
theory. The whole of modern organic chemistry with its more than a million com--°* 
pounds is founded on Butlerov's theory of the structure of organic compounds, The 
work of Butlerov, the founder of the theory of the structure of organic er. 
raised Russian chemical science to an unprecedented level. 


Very few scientific generalizations can be named that have turned it to ‘be 
So fruitful as the theory of the structure of organic compounds. The basic prem- — 
ises of Butlerov's theory of ‘the structure of organic compounds determined the 
path along which organic was to develop for a long way 


*)Paper reed at a of the of Chemical held on - 
September 26, 1951 in ecclebration of the completion of 90 years since A. M. 
Butlerov's paper on "The Chemical Structure of Substances. 8 : 
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theory ‘had a powerful fruitful influence also on inorganic and on physical 
. chentstry. During the nincty years of its existence, from Butlerov up to our 
mes o«n day, the theory of structure has passed along its complicated evolutionary — 
ae yath. It often appearcd that facts did not agree with the theory of structure, . 
that they were in contradiction with it, but this non-accord always turned out 
to be only apparent and subsequently led only to. reinforcement, deepening, end 
‘widening of the theory of structure, At first, the theory of structure repre- 
rented the structure of organic compounls by plane formulas, However, in 1863, 
4.¢., 11 years before the announcements of van't Hoff and le Bel, Butlerov 
wrote: “If atoms really exist, then I do not sce why all our attempts to deter. 
. sine their disposition jn space should be in-vain, as Kolbe declares it is, end. -: 
why the future should not be able to teach us how to carry out the required de- 
termtnations.” Thus, Butlerov foresaw the coning of stereochemistry. ; 


Two decades had not passed since the coming of the theory of structure when ° 
tie theory of the spatial disposition of atous in the molecule appeared. It came 
into being es a result of the apparent non-correspondence between the number of ‘- 
isomers predicted on the basis of the premises of the classical theory of struc- 
ture and the number of isomers actually found. Stereochemistry eppesred as an~ 
incvitable consequence and developuent of Butlerov's theory of structure, and it 
: gave invaluable results as regards our knowledge of organic substences, and later : 
elso of inorganic cowpounds. The theory of the asymn2tric atom es the source of 
the optical activity of certain orgenic substances and the theory of the stereo- 
cheaistry of unsaturated and cyclic compounds extended our ideas concerning the 
structure of organic compounds in an extraordinary fashion. 


The discovery of optical activity in compounds that do not contain asyn- 
retric atoms, as found in inositol end certain derivatives of biphenyl, gave new 

. material for the study of the geometry of molecules. The theory of the spatial. 
erranzexent of atous in the molecule not only led to the establishrent of various. 

types of stereoisomerisn, but was extended also to the question of the effect of 
structure on the reactivity of orgenic compounds, one of the cardinal questions 


of organic chemistry, bringing in the concept of steric hindrance in chemical 
reactions. . ; : 


: 


The examination of the properties of cyclic compounds from the point of ; 
view of a few simplified geometrical concepts, led to the strain theory, which 
explains to a certain extent the variation in the properties of these organic 
Substances according to the number of members of the ring. However, also in 
this*case the properties of a number of cyclic compounds were not in complete - 
egreement with the theory, ¢.g. in the case of five- and six-membered rings, 
and particularly in the case of many-riembered rings containing 15-20 atoms in 
the ring. The discovery of the existence of many-membered rings and of their 
remarkable stebility confirmed the necessity for regarding the disposition of 
the atoms in the ring not as being in a plane, but in space. All these results 
show that Butierov's structural formulas are not the dry immutsble schemes that - 
they may appear to be at first glance. = ee RRS 


' Structural formulas reflect not the statics, but the dynamics of molecules. — 
‘ This is just how Eutlerov regarded molecules. “At the present time," writes — 
i Butlerov, “we look upon a chemical compound not as something that is dead and ~ 
q |- stationary, but we assume, on the contrary, that it .is endowed with constant ; 
: . Movenent, which is present in its very smallest particles, the individual mutual 
' relations of which are undergoing constant changes, which all sum up together, 
however, as a sort of constant average result.” Taking the formation of many- . 
5) menbered rings as our example, it can be shown how en examination of the spatial. 
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disposition of the atoms within the molecule, in their constant state of movenent, 
ennbdles us not only to explain the properties of the nolecules, but also to pre- 

dict the conditions that will be particularly favorable for the formation. of such 
nolecules, which are generally prepared with great difficulty. | y 


I should like to point out the ‘principle of high dilution in the iatnate of fe 
sany-membered rings. The formation of a many-memtered ring from molecules that Digs 
ere long and threadlike and have two functional groups at the ends of the chain is ~ 
not very probable because there is a low probability of the ends of the chain come 
ing sufficiently close together in the course of the movements of the threadlike 
rolecule for the closure of the ring to become possible. The meeting of the 
functional groups of different molecules, which would lead to the formation of line | 
esr polymers, is much more probeble. By diluting the initial bifunctionsl compound ~~ 
with an inert solvent, it is possible to reduce the probability of encounters bes oon 
txcen functional groups of different molecules and increase the probsbility of 
spproach to within a short distance of the functional groups of one and the same esd 
molecule, thus increasing the probability of the closing of the nany-menbered " 
ring. By applying this principle of high dilution; taking, for exemple, 1.5 g of 
initial substance and diluting with 9 liters of — it is possible to obtain 
high yields of the many-membered ring. 


I think that these examples show quite clearly that Butlerov's theory of the 
structure of organic compounds, enriched by spatial concepts, correctly portrays 
the kinetic condition of the molecules. The extension of inferences from the 
theory of structure and from stereochemical concepts to inorganic compounds has _ 
undoubtedly had a great influence on the emergence and develorment of coordina. 
tion theory. At the basis of Butlerov's teaching lies the concept of the linkage 


of atoms in the molecule in accordance with valency rules... — . 


For carbon, the essential elenent of organic substances, diniaie cane to nt 
recognize, after some vacillation, a constant valency of four. The exception was 
carbon monoxide. Eowever, it was later necessary to acknowledge the presence of 
bivalent carbon in whole classes of org2nic compounds: the isonitriles and deriv- .~ 
etives of fulminic acid. In 1900, the possibility of the existence of tervalent . 
carben was discovered for the first time, the example being triphenylmethyl; °° .- 
later the existence in other elemerits of abnormal valency was discovered. Free = ~~ 
redicals containing tervalent cerbon and bi- and quadri-valent nitrogen were 
prepared only in the case of heavy arcmatic radicals. : 


All attempts at preparing free radicals of the aliphatic series were invers 
iably unsuccessful, but in 1929 the free radical methyl was prepared and the pos- 
sibility of the-existence of simple aliphatic radicals was thus demonstrated. 

Also, the reason for previous lack of success became understandable. The life of 
the free methyl radical turned out to be very short, the half-life being only” 

0.006 sec. Organic chemistry was enriched by an interesting peculiar group of . 
compounds, At first it seemed that this group of organic compounds would be very. . 
much circumscribed with respect to the conditions of their formation and existence. 
However, the further rad of ts branch of has shown the 
reverse. 


It has found that the free derived from Gare. 
bon are forned.in a number of processes that are important both from the theoret- - . 
ical and. the practical points of view, and thet they pley an essential role in 9° 
these reactions. Free radicals play an important part in the pyrogenetic decomp- - 
osition of organic substances. in the cracking process. A prominent role is to be 
attributed to free radicals in ‘various polyzerization processes that yield prod-: ~ 
ucts of great practical importance, Free ‘radicals play en 
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; und many other processes, Free radicals, the existence of which seemed to be 80 
inprobable when triphenylmethyl was discovered, since they did not conform to the. 
concepts of the theory of structure, later resulted in development and enrichment 


In considering the development of organic cheuistry during the time from the 

inception of the theory up to the present time, it is impossible not to take note ~ 
.of the progress that has been made in these 90 years in the study of macromolecular 
co:pounds, bovh natural and synthetic, The chemistry of macromolecular compounds 

“ begen to develop considerebly later, which is quite understandable if the diffi- . 
culties that ere met in their study are taken into consideration. Macromoleculer 
compounds were at first regarded as being mace up of small highly associated cells, 

- and colloidal solutions of macromoleculay compounds as consisting of colloidal 
particles of micellar structure. It thorefore eppeared that the theory of struc- 
ture of organic compounds did not have the same significance in this sphere as it 
hes for low-molecular-weizht coupounds. It appcared that for the majority of 

' gacronolecular compounds the question of the elucidation of their structure end 
the structure of their colloidal solutions was a problem rather for colloid chem- 
istry than for organic chemistry. Nevertheless, this turned out to be incorrect, 
end for the majority of typical macromolecular compounds, both natural and syn- 


thetic, the application of the theory of structure has been found to be correct 


procensee, ths reucttous of diazo compounds, catalytic halogenation, 


It is now quite obvious that the gigantic molecules of macromolecular com- 
pounds are true molecules. Thousands of carbon atoms may be united one to an- 
oliver forming long threadJike molecules or fantastic three-dimensional network 
structures. Organic chemistry kas been enriched by a new Sphere of colossal 
theoretical end practical significance - the chemistry of macromolecular compounds, 
while the theory of structure has been enriched by new ideas and concepts, such. 
3 eas the concept of polyner=homologeus series, etc. 
: In considering the development of organic chemistry it is impossible not to 
take note, even if only very briefly, of the achievements in the study of nat~ 
ural substances that play en enormous part in the life processes of animal and 
vegetable organisens, While at the end of the last century and the beginning of | 
the present century fundamentsl investigetions were made into the nature of com- 
pounds found in neture in large amounts, the lest 20-30 ycars has been charec- . 
terized by great success in the study of compounds that are formed in living org- 
anisms in negligible amount and yet pley an important part in their life proces- 


ses. I eam thinking of the progress made in our knowledge of the nature of vita- | 
mins, hormones, and antibiotics, ‘ 


The characteristic peculiarity of these investigations has been processes 
in which we pass from hugh quantities of initial materials, often expressed in 
thousands of kilograms, on to insignificant amounts of end products, expressed in 
grans, or sometimes in tenths, hundredths, or even thousantiths of a gram. nee 
Thenks to the developwert of micro-analysis and of methods of dealing with very . 
s2s1] emounts of material, it became possible to esteblish the structures of 
complex substances, in spite of the fact that they were available in quantities -- 
that would at one time not have sufficed for a single elementary analysis. - 


* It should be notéd that, while on the one hand organic chemistry has given 
medicine a powerful weapon in its fight against disease, in the form of various 
medicinal preparations, and has: helped to some extent to elucidate the nature of 
the processes that accompany various departures from normal functioning in an... 
orgenism, on. the other h2nd the demands of prectice have stimulated investiga- 
tions in particular branches of organic chemistry, leading to their rapid devel- ~ 


. 


new compounds were synthesized with the result that perhaps ten might be applied «. -.. 


- of the transrission of mutuel effects of atoms in the molecule. They could not 


| between atows, or lines to indicate double or triple bonds ~ is too meager for - 


‘sible only on ‘the basis of Butlerov's _ theory of structure, 


question from the theory of structure... 


opment. Thus we have the exanple of the influence exerted by the problem of ex 
perimental cancer on the development of the chemistry of polynuclear compounds - 
of aromatic characters also, the influcnce of the study of the nature of the sex ~ 
hormones on the chemistry of the of phenanthrene and 


Study of the. nature of vitanins end the problem of their synthesis led to: ty ae 
intensified developtent in certain sections of the chemistry of heterocyclic come .- 
pounds, Sometimes, as in the case of sulfamide preparations, many thousands of * 


widely in medical practice. All this progress in orgenic chemistry became pos~. 7. 


Placed at the ‘basis of Butlerov's theory of the structure of organic com= = 
pounds is the idea that "the chemical nature of a complex molecule is determined 
by the nature and number of its elementary component parts and by its chemical . 
structure”, Chemicel structure is often erroneously regarded as merely the rela- 
tive disposition of the atoms in the molecule, which are united together in ace © 
cordance with the rules of valency. Butilerov's views on the structure of an 
organic molecule were wider and deeper than this. .. . "e 


Already in his:paper at the international congress at Speyer in 1861 Butler- 
ov states that atoms, by directly or indirectly acting upon one enother, are 
linked together to form the chemical particle ~ the molecule. This idea of the -. 
mutual interaction of ators in a molecule, whether they be directly united one to | 
another or not, was frequently expressed by Butlerov. This idea of Eutilerov was 
more fully developed later by his eminent pupil and follower Markovnikov. In 
his famous dissertation, “The Mutual Effects of Atoms in Chemical Compounds” 
(1869), Markovnikov wrote; ‘The question of the effect of elementary atoms ‘on. 
the course of the chemical reactions of a complex body is one of the most thrill 
ing questions of modern chemistry and, as is already noticeable, is occupying 
more and more of the attention of chemists", This question of the interaction of eer 
atoms in the molecule of an organic substance end of the effect of the structure” 
on the reactivity of the molecule is still one of the most thrilling and vital 
questions of present-day orgenic chenistry. 


Neither Butlerov nor Markovnixov vere in a position to explain the aiuto | 


explain what was hidden behind the line that was used to indicate the linking to- -_ 
gether of atoms in the molecule. Naturally, the state of knowledge at that time ~ 
wes such that it would have been difficult to —— an answer to this sort of 


Also, the separate chemical bonds in the structural formes were not ell. 
identical to the organic chemist, in spite of te ing denoted in = cates by _— 
Same sign a line. 


The formal languege of structural theory — a line to tatiueke a —, ‘bona’ 


the expression of all the varicty in chemical behavior of the verious atoms and 
Groups of atoms in the molecule of an orgénic substance. This diversity in chem- ._. 
ical bchavior of etoms or grovps of atoms is associated by the organic chemist 
with the general structure of the molecule and is an expression of the rich ex- 
perimental material accumulated by organic chemistry, and it certainly cannot be. 
directly represented by a line, as such, a 


Organic chemists have long felt the Anadequacy of the language of-€lassical 
structural theory, and this has led to the emergence of supplementary hypotheses 
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of oscillating valencies, ete. Nevertheless, these supplemen- 
tary hypotheses also were unable to explain satisfactorily the experimental ree — 
sults that were being yielded by the rapidly expanding organic chemistry. By. 
way of example, we may point to the disillusionment of Thicle regarding his 
theory of partial valencics and to the pessimistic conclusions of Wislicenus, 
when he surveyed his life-work on tautomerism, This rich experimental material 
has been brought together by organic chemists in the form of so-called rules. In 
this way there arose the rules of Markovnikov, Eltckov, Zaytsev, Popov, etc. .. . 


However, in spite of the imperfections of the language of structural theory, 
organic chemists, by epplying this theory, succeeded in correctly establishing the 
structures of extremely complex organic compounds. They succeeded in establishing 
the structure correctly even when the reactions used as a ncens of establishing 

_ the structure went in an abnormel fashion and were accompanied by @ rearrangement, 
sometimes a far-reaching rearrangerent of the skeleton of the molecule, i.e. the 
type of reaction that is accompanied by all sorts of isomerizations and regroup- 
ings. 'Among the investigations of this sort are the classical researches of Bute 
lerov's pupil Vagner in the terpene field, the work of Demyanov on the isomeriza- 
tion of rings, and many others. These instances, which at first glance did not ° 
seem to agree with inferences fron the bss of rel later served only to 
strengthen and extend it. 


Since the time of Butlerov's paper et Speyer, 90 years have passed. During 
this period therc have been some very great discoveries contributing to our knowe- 
ledge of matter. The atom has turned out to be a complex system. Our concept of 
the nature of the chemical bond has been chenged and deepened. Our ideas concern- 
ing the structure of organic molecules and of the mechanism of chemical processes 

. -have been extended and enriched. All this progress and these new ideas were 

i bound to be reflected in the theory of the structure of organic compounds. The 
development of our knowledge concerning the structure of the atom made it neces- 
sary to link these ideas with the classical theory of structure, and this was done 

- Gradually electronic concepts penetrated more and more into organic chemistry. At 

first, the electronic formulas were merely restatezents of the classical struc- 
tural formulas in electronic language. Later, electronic ideas were able to ex- 
plein the non-equivalence of the verious covalent bonds, which is the result of 
mutual effects of atoms or groups within the molecvle. The basis of these ideas 
was’ the concept of electronic displecements, brought about by internal and exter- 
nal causes. The concept of electronic displecements, characteristic of the state 
of polarization or the polarizability of the molecules, i.e. the distribution of 
electron density in the molecule, enabled a clearer picture to be formed of the 
mutual effects of atoms in molecules and cf the- transmission of these effects. To 
a certain extent it gave an explanation for the peculiarities in behavior of con- 
jugated systems of double bonds and of aromatic and other is Si and it led to 
the discovery of the phenomenon ef vinylogy. 


Concepts concerning the variation in electron density in various 7 of a 
molecule, due to internel or external causes, enabled a clear picture to be . 
formed of the basis of the rules of Markovnikov and Eltekov concerning the orient- 
ing effects of substituents in tke benzene nucleus. On the basis of ideas con- 
cerning the electron density in © molecule, concepts were worked out relating to” 
the electron-donating (nucleophilic) and electron-accepting (electrophilic) —~ 
characters of reagents, These concepts constitute a step forward in-the develop- 
ment of Butlerov's theory of structure, in the theory of the mutual effects of 
atoms in @ molecule, and in the theory of the relation between molecular structure 
and reactivity. These concepts, however, are far from perfect; They permit only 
& qualitative explanation of the mutual effects of atoms linked together in a 
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molecule, - The method of. distribution’ is 


It has many deficiencies, the main one being that, with this method of represene 


tation, the state of a molecule of an organic compound can be interpreted both * 
from the point of view of the materialistic theory of Butlerov and also 1s the. 
spirit of the idealistic teaching of the so-called "theory of resonance®™ 


At first the concept of electron displacements was directed Say, the ine 
terpretation of experimental data concerning the effects of atoms or groups cf. 


. atoms forming part of the molecule on the behavior of the molecule as a whole. 


‘Later, however, the most prominent representative of this school, the English 


A fundamental tn the of our the 
of chemical effinity end of the structure of orgenic molecules has been played 
by the epplication to chemistry of quantum mechenics. Quantun chemistry has en- 
abled new concepts concerning the neture of the chemical bond to be formed. ~ -~ 


The application of quentun mechanics to questions in the theory of structure 
hes enabled a physical basis to be given to’sore of the fundamental premises of: 
this theory. Quantum chemistry has given an explanation of the nature of the cape 
ecity for saturation in a chemical bond, of the tetrahedral configuration of the 
carbon atom in saturated compounds, end of the characteristics of multiple bonds, 
Certain predictions of quentum chemistry heve received experimental confirmation, . 
as, for example, the effect of on properties of molecules ¢on-. 
taining conjugated bonds. 


The field of applicability of calculations, however, is. 
limited to only the very simplest molecules; quantum-mechanical calculations on > 
polyatomic molecules ere extremely approximate, and quantitative results obtained 
by their aid are not reliable. Hence, these calculations permit only general quel- 
itative inferences that ray permit some of the peculiarities of complex molecules 


to te interpreted. The progress that I have indicated in the development of our -~ 


concepts concerning the nature of organic molecules and the course of the chemical | 
changes of these molecules is based on the further development —_ deepening =. . 
Butlerov's teaching. 


In the last 10-15 years, attempts we been wade to revise the «aeiediitieg: 
of Butlerov’s theory of structure, as if it were not able to explain the proper- 
ties of organic compounds end, to represent correctly the nature of the processes 
determing the course of chemical reactions. These attcmpts come from the adher- 
ents of the "theory of resonance", which is bound, in the opinion of those adher- 
ents, to replace Butlerov's theory of structure. This "theory" lays claim to a 
leading role in organic, physical, and inorganic chemistry, to the role of a uni. 
versal theory that has its source directly in the concepts of contemporary quan- 
tum mechenics. This theory has received wide acceptance chenists . 
and also within a certain section of Soviet chemists. 


- During the lest 2-3 years, the theory of resonance® has been subjected to 
detailed analysis and justifieble criticism in e series of discussions and con- 
ferences, and in our journals. These discussions have made abundantly clear the 
erroneous and idealistic nature of this "theory"? ane the harm that it has done — 
to the development of the theory of chemical structur,, diverting workers from 


the true path and creating the harmful illusion of explaining observed Lemay dl 
which, in fact, remain unexplained. 


In describing the development of the theory of ‘the dawenbinni of organic com-- 
pounds, I’ consider it essential to point out the part played by physical end phy-. 


Sico-chemical methods in the study of the of organic 
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cel methods of investigating the structure of” organic compounds have given and 
are still giving invaluable help in the task of determining the nature of organic 
substances. Spectroscopic, electronographic, and X-ray analysis methods, and 
Blso the method of dipole moment determination, have enabled all the fundamental 
parameters of organic niolecules to be determined, They have ‘permitted us to, de- 
termine the configurations of the atoms linked together in the molecule, to esti- 
mate the valency angles, to determine the interatomic distances within hundredths 
of ean Angstrom, and to find the distribution of electron density in various parts 
of the molecule. Magnetic methods of investigation are the best 
tion of free radicals, . 


Physical methods ere of very great importance in the study of macromolecular 


compounds and of catalytic and many other processes. Physical methods of investi- 


gating the etructure of organic compounds have confirmed the postulates on which 
the theory of structure is based and have furnished weighty evidence for the cor- 
rectness of the theory. The structure of the molecules of organic compounds =~ 
the concept that lies at the basis of Butlerov's ideas — is an actual reality. 

We are not only certein that the atoms are united one to another in accordance © 
with the lews of valency, as follows from Butlerov's theory of structure, but ‘we. 


can measure the distances between these atoms to en accureey of a few millionths 
of a millimeter, 


By the aid of a bean of electrons we may aluost photograph the molecules of | 


organic compounds. The pictures obteined of the structures of the most complex 
organic molecules, such, for exemple, as the phthelocyanines, by analysis of _ 
their electronograms coincide exactly with the structural formulas derived on 


the basis of Butlerov's classical theory of structure. By way of exemple we 
will consider platinum phthalocyanine. 


On Figure 1 is shown the structural formula of platinum ‘ile salina con- ; 
structed in eccordance with butlerov's On Figure 2 is shown the 


nogram of the same compound, 


In order to make the striking vesiiisiniieaste | between the eee formula 
of platinum phthalocyanine and its electronogram still clearer, the structural 
formula of the phthslocyanine hes been superimposed on the oe in’ 
Figure 3. 


Ninety years have Ssitah Since the theory of structure wes created, end it 


‘still remains the basis of modern organic chemistry and for yet a long time to 


come will remain the foundation of our knowledge of organic’substances. For 
almost a century the theory of structure has been the guiding thread for organic - 


chemistry. Few scientific generalizations could be oaeee that have stood firm 
for so long a time, 


What then is the reason for the great inactiaaas of the meme of pane 


It is that at the basis of the immense importance of Butlerov’s theory of 
structure ani of its immutabie nature lies a true portrayal in its materialistic 
character of the actual real world. The correctness of the theory of structure .. 


has been verified countless tines and is being verified in practice at present. |: 


This verification has bezn done and is being done both in laboratories and also 
in industry, in the manufacture of organic substances on an immense scale in the- 
factories. Right up to the present time, Butlerov’s theory of structure contin- _ 
ues to give organic chemistry @ powerful stimulus to further development, : 


Nevertheless, however great may be the progress of organic dhnatetey, and 
however great may te the importance of the theory of structure, we must still 


remember the remarkable words of its founder Butlerov vhen, in considering ‘the | 


\ 


| 


‘ 


Z - 


* vole of theory in scientific investigations, he wrote: "Only through the medium. 
of theory does knowledge, by being brqught together to form a connected whole, 
become scientific knowledge; the orderly coordination of knowledge constitutes |. 
science, But. however perfect a theory may be, it is still only an approximation 
to the truth.!* 


Before us, as Soviet chemists, there lies a great and noble task: to extend — 
- and Geepen in creative fashion the teaching of the great Russian chemist 
Butlerov. We must study the wealth of material that Butlerov has left to us 
in his works. The further devélopment of A. M. Butlerov's theory of structure 
will guide the orgenic chemistry of our country to a yet fuller blossoming . 
worthy of the great era in which we live — the era of the building of communisn. 


‘ 


A. Arbuzov” 


covroinns DERT cases AND THEIR 


‘In previous tas been thet the gases, as well. . 
as giving the already known hydrates, give also compounds with phenol - 


toluene [1]. At the same time it was established that in their formation 


moleculer compounds the inert gases have numerous analogs among the volatile .. 
hydrides and also, in the case of the hydrates, among substances whose molee - 
cules contain many atoms. This analogy is shown above all in the similarity 


of the conditions of formation and, particularly, in their isomorphien. . 


Foreign workers [2] have established the formule H2eS*2CeH50H for the compound — 
of hydrogen sulfide and phenol, using ‘fusion diagrams. Nikitin [3] showed 


that the inert gases are isomorphously co-precipitated with the HoS — ee FR Be 


compound, and he concluded that the inert gases form analogous compounds, 


to which he escribed the same type of formula. Later, he prepared directly © bi , : 


compounds of xenon and krypton with phenol [4], but the thermal analysis’ of © 

the H2S - phenol system was done only from the liquidus curve and without take 
ing into account the amount of hydrogen sulfide remaining in the gas phase. 

By the use of a specially developed method for the thermal analysis of systeng3 
containing a volatile component, Nikitin, Kovalskaya, and Pushlenkov [5] carried — 
out @ more accurate determination of the fusion diagrem for this systen | end .. 


showed that the compound must be assigned the formula H2S- *3CgHs0H. 


A ‘question of great interest for the further development of ‘the chemistry" 


of the inert gases is the determination of what substances behave in analogous ~ A a 


fashion with respect to the formation of compounds with phenol. As the hydrates. 


of the inert gases not only have an enalogous formula to the hexahydrate of S02, is 


but are also isomorphous with it [6], we decided to examine whether this analogy ce 


is shown also in the compounds with phenol, using radon as our example. If 


radon is taken up from the gas phase by crystals of the SQ2 —-phenol compound ‘and gi 


this capture proceeds according to Khlopin's isomorphous co-precipitation lav,’ 
then both the isomorphism and the analogy in formula will be shown for these con- - 
pounds [1]. The investigational method was the same as that used in the study of 


the co-precipitation of radon with crystals of the HaS — phenol compound [3]. SS eee 


Finely ground, carefully dried phenol was introduced into e U-tube having a : 
ground joint and two taps. The volume of the gas phase was then measured, ‘and- 
&@ definite amount of SOp was introduced into the reaction tube. A compound was) 
formed from the gaseous SOs and the solid phenol, the temperature being below ~ -: 
that of the eutectic. In one series of experiments, some radon was first admixed 


with the sulfur dioxide, and under these conditions the crystels of the compound” a 


took up radon at the moment of their formation. The tube was then allowed to — 


stand for a long time to permit the attainment of equilibrium in the distribution - 
.of radon between the gas phase .and the crystals of the compound (Method I). att 


In another series of experiments, the compound was formed in absence of © 
redon, Which was then introduced into the reaction tube.. By carrying out the 


complete recrystallization of the compound, uptake of radon was promoted anda . may 


state of equilibrium in its distribution between the gas phase and the crystals oe 
of the was atteined TI). _ The amount of — taken in each 
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experiment was about 10722 g, Knowing the dissociation pressure of the 802 com- 
pound, the volume of the gas phase, and the amount’ of S02 taken for the experi-. 
ment, it is easy to calculate the amount of SO2 in the gas and in the solid 
* phase. At the end of the experiment, the tube was cleared by means of a stream 
of eir containing sulfur dioxide in such amount that its partiel pressure core é 
responded to the dissociation pressure of the compound at the given temperature. . 
This prevented decomposition of the compound during the clearing. The radon — : 
* was determined radiometrically both in the gas phase and in the air-swept — a 
crystals. If repeated recrystallization of the compounds of S02 (the macrog - 
* - component) ‘has resulted in the establishment of equilibrium in the distribution . 
of radon (the micro-component) between the gas and solid phases, then the dis- 
tribution must be in accord with Khlopin's lews 


in gas phase $802 in gas phase 


_ where D is a constant at a given temperature. The experiments were carried out © 
at O°. The results are given in Table l, 


. From this table it will 
be seen that radon is readily 
taken up by crystals of the 
compound of S02 with phenol 
and that the capture proceeds — 
according to the amorphous 
co-precipitation law, for the 


45.4 0.25 distribution constent D re-_ 
54.7 0.30 . mains, in fact, constant with- 
75-7 0.35 in limits of experimental error 
71.0 0.26 (about + 10%); at 15°, 
88.9 0.30 D= 0.2%. 
According to the isomor- 
93.9 0.31 phous co-precipitation law, the 


compound of Rn with phenol 
=~ should have a formula that is 

10.35040.05 analogous to that of the S02 
have already established the formula H2S*3CgH50H and have shown that radon is ~ 
isomorphously co-precipitated with it (at +15°, D = 1.25). Howevér, the compound’ 
3 of S02 with phenol has hitherto been assigned another formule. It was first pre- 
+ -—-s pared by Meyer and Kolbe (8) already in 1881. On the basis of the results of the 
_ Snalysis of the compound they assigned it the formula: or 
- - | Since the compound dissociates appreciably in the air with loss of sulfur dioxide 
end the authors took no precauticns during the analysis, their proposed formulas 


We decided to determine the formule of this compound by means of thermal —-— 
analysis, using the procedure we had worked out earlier for analogous systems [5]. 
-, . As the system contains a volatile component, it was necessary first to determine 
| ; the temperature — pressure diagram when the system contains three phases — solid, 
liquid, and gas — in equilibrium. This is required to enable a correction to be — 
| ‘mede for the amount of Sulfur dioxide remaining in the gas phase when calculating 
| the molecular ratio of components in the course of constructing the fusion diagran. 


oh 


- {Duration of |% S02} % Rn in 
Method |recrystalli-] in crys- 
— . ra zation in jcrys-| tals 
hours tals 
80.0 
os: I 67 89.8 
90.3 
97.1 
I 197.6 
| 


Fig. 1.. “Temperature = pressure’ Fig. 2. Fusion diagran. for. the 


- 


een for the systen S02 = — 


The used in investigations at O° and boiled at ig 
180°. According to analysis, the sulfur dioxide contained less than 0.5% ime. - - 
purity. A weighed amount of carefully dried phenol was introduced into a glass -. 
tube made from barometer tubing and having a capacity of 2-3 nl. The tube was - 
fused to @ gless mercury manometer graduated up to 10 atm. The air vas then | 
pumped out of the apparatus, the tube was cooled in liquid air, and from an at- . 
tached buret a definite amount of sulfur dioxide was introduced. The tube through 
which the sulfur dioxide was introduced was then sealed off s0 that the apparatus 
was now hermetically sealed. In the tube containing the substance there wes a 
| $mall electromagnetic stirrer, which was placed there beforehand, 


In order to determine the equilibrium pressure, the tube containing the an 
stance was maintained at a definite temperature in a cryostat or thermostat, and 
the liquid was vigorously stirred with the electromagnetic stirrer. The results - 
obtained are shown graphically in Fig. 1. The curve ge on this diagram shows the 
dependence of pressure on temperature when gaseous S02, the melt, and solid 
phenol ere in equilibrium. Point e corresponds to the eutectic point. The curve 
emfN relates to the case where the solid phase is @ compound. It is already evi- 
dent from this diagram that a compound is formed in the system with a melting  - 
point of 34.2°. For comparison, the curve NK has been inserted in the diagrams 
it shows the variation of the vapor pressure of pure SOs with temperature. 


Curve ge shows the dissociation pressure for the conversion of the solid cnerat: : 


into solid phenol and gaseous sulfur dioxide. 


It was found impossible to determine the fusion iene the - method of 
temperature halts because a great deal of supercooling is observed in the S02 - a8 
phenol system. Hence, we determined the liquidus curve visually by noting the sta 
temperature at which the lest crystal disappeared, the liquid being constantly 


stirred. We determined the solidus curve by centrifuging sealed tubes at. a 


tures as close as possible to the eutectic temperature, following the method eal-~ 
readly developed. A piece of barometer tubing blown out at the fused end served 
&s reaction vessel. At the other end of the tube there was a round joint, and: - 
through this joint a definite weight of phenol was introduced, and the electro- : 
magnetic stirrer was inserted. A glass vacuum tap was then inserted into the . 


and the air was out of the The blown-out end of the tube, 


| 
= 
. . 
. 
. 
% 
4 
= 
‘ 
: 
° 


: to make an attempt to analyze the compound also chemically. For this purpose, ea 


which contained the phenol, wes then immersed’ in liquid air, and from a buret a 
definite amount of sulfur dioxide was introduced througk the tap. The tube was 
. then fused off below the joint. In the determination of the liquidus curve, the 
tube containing the substance was first warmed until the latter was completely 
melted, and it was then imuersed in liquid air. From there it was removed, deo 
pending on the temperature of fusion, into a transparent cryostat or‘ thermostat, 
in which the temperature was raised slowly (at 2-3° per hour). At the same 
time the liquid was stirred with the electromagnetic stirrer. Two eutectic . 
points were found on the liquidus curve: 31.5° (13 mol.% S02) and —75° (98.8 mo} 
B02). For the determination of the solidus curve, the same tubes that were used 
for the determination of the liquidus curve were again cooled in liquid air. 
They were then allowed to stand at close to the eutectic temperatures and were 
centrifuged at these temperatures. For this purpose, the tubes were immersed, 
capillary end downerds, in a cup of the centrifuge that was filled with crystal. 
lizing guaiacol (29°) or melting chloroform (~63°). After centrifuging for 3 min 
et 5000 rev. per min., the tubes were taken out of the cups, and the presence or 
ebsence of liquid in the capillery was determined visually. The tube was then | 
opened and its capacity determined. The volumes of the stirrer end of the liquid 
end solid phases were subtracted from the value obtained, thus giving the volume 
of the gas phese. The emount of sulfur dioxide remaining in the gas phase was ca 
culated from the pressure — temperature diagram, end this was subtracted from the 
‘ amount of- SOs taken for the experiment. As the maximum pressure in the systen 
' @id not exceed 2.2 atm. and the dead space was not more than 1 ml, the correction 


was not greater than 2.5%. 0.5-0.01 g — and — ml S02 were taken for 
the experiment. 


It must be noted that, on to the variation of the pressure of Soo with 

. temperature, for a given tube the points on the liquidus and on the solidus curve 
corresponded to different molecular percentages of SO2. The results obtained are 
* shown in Table 2 and on Fig. 2. At 29°, samples No. 2 — 8 showed no trace of 
liquid. On ellowing them to stand in a thermostat (at 32°) with their capillary 
ends downwards, liquid could be seen running down the capillary. This crystal- 
lized with supercooling, but in all ceses the crystals formed largely melted at 
31.5°, since they consisted of almost pure eutectic mixture. In sample No. a 
liquid could be observed at 33.5°. 


On centrifuging tubes No. 10 - 20 in melting chloroform (-63°) Liguia ap- 
peared in the capillery in all cases. After the complete crystallization of this 
- liquid at lower temperatures, the commencement of fusion of the crystals formed 

was observed in ell cases at —75°. It follows from ell these results that the 
line denoting the composition of the compound must be drawn at 25 nol.$ S02, end - 
_- that the compound must be assigned the formula SO2°3CeH50H. - 


' As the pressures in the system S02 — phenol turned out to be low, 7 we dectdea 


weighed amount of phenol was introduced into a U-tube having & joint and two taps. 
The sir was then pumped out of the tube, and sulfur dioxide was introduced into . 
the tube at -15° in amount sufficient to dissolve the phenol completely. The . 
tube was then cooled until crystals of the compound made their appearance. “The | 
greater part of the sulfur dioxide was then removed by pumping. A manometer was.-"] 
' attached, and pumping was continued at 0° until the pressure fell to 72 mm (the 
aissociation pressure of the compound [giving solid phenol and gaseous S02] at 0°). 
‘The crystals should now constitute a pure compound. The amount of S02 remaining 
in the gas phese was taken into account. NaOH solution was then introduced into 
‘the tube, so that the compound was completely decomposed, This procedure fully 
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tube |. S02. at end of - tube 602 | beginning 
fusion (°C fusion 
3 6.88 3 6.82 B15 
10.02 32.4 5 10.02 31.5 
6 14.79 32.6 6 14.89 31.5 
T 19.52 33.8 19.63 51-5 
22.79 34.2 22.90 51-5 
2) .85 34.2 24.85 35-5 
10 26.3% 34.1 10 26.98 -75.0 
11 29.49 33.9 11 "29.80 5.0 
12 | 40.73 31.4 12 41.28 ~-75.0 
3 42,91. ~ 30.0 13 43543 
14 54.2% 24h 54.68 —75.0 
15 69.7% 13.2 15 69.98 
16 7942 3.4 16 19-51 
17 89.50 -15.0 89.61 -75.0 
18 95.02 -35.0 18 95.02 —75.0 
19 98.79 —75.0 19 98.79 
20 98.94 -74.0 20 98.9% —75.0 - 


mother Steuer would be “by the might high 
values for the amount of SOs. The sulfur dioxide was oxidized with hydrogen: ~ 
peroxide, and the sulfate ions formed were precipitated with bariun chloride." re 
The following results were obtained in this ways Vig ee. ‘ 


To each mol. S02 — 2.863 2.79; 2.90; 2.86 mol, Cols 
Mean: 2. 87 mol. CgH OH per mol. . 


Hence, the results of thermal and of chemical analysis are in good agrecment. . - 


This shows that the Compound has the to the formula 
of the compound of H2S with phenol. 


ee - 


Nikitin [4] has previously prepared a compound of HCL with iim and has > 
shown its isomorphism with the xenon-phenol compound by tensimetric analysis, . 
We decided to try to determine the formula of the compound of HCl with phenol. 
This compound melts congruently at 35.9°. The part of the fusion diagram that.- _ 
we have determined in the region close to the composition of the compound shows 
@ maximum on the liquidus ‘curve at 27.5 mol.% HCl. However, we did not determine 
the pressure — temperature diagram and could not therefore take into account the 
amount of HCl remaining in the gas phase. Consequertly, the true composition of: 
the compound must correspond to a somewhat lower content of HCl. It is most prob= 
able that this compound has also the formula HCl*3CgH OH. The chemical analysis 
of this compound, obtained by crystallization from melts greatly enriched in HCl - 
at 100° and by then removing excess HCl at this temperature by pumping, ‘showed --... { 
29 mol.% HCl. Hence, this method of establishing the formula of the compound ews Oe 
very approximate, since it gives no guarantee that excess of a component will not , °°. 
be retained, particularly when the compound is prepared at very low temperatures... ~ 
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In order to show the analogies existing among substances that form compounds - 
with phenol, it 4s of great interest to determine the heats of formation of these 
compounds from the gas and solid phenol. Having determined the dissociation 
pressures at various temperatures below the eutectic point, the heats of forma- | 
tion may be calculated by Clapeyron's formulas 

the ‘heat of formation in keel. per is the gas 2 
is the dissociation pressures; end T is the absoiute temperature. The dissocia- 
tion pressures of various compounds determined ¥ us earlier (2). or in the. ye 
sent work are dn ma Hg in Table 
Dissociation pressure. of the gas in mn iz at temperatures 
-30°_|__-20° 15° 


7710 1340 |. 
330 630 
319 560 oF 
108 198 580 750 
91 160 475 | 621 
Te 238 


[9] the heats of of hydrates of gases by a’ 
modified Trouton formule; Q = 301, where T is The ebsolute mili at which 
the dissociation pressure reaches 1 atm. 


In Table 4 we give the melting points of these and the 
tures at which p=latm; there follows the heats of formation, calculated 
according to Clapeyron and to Forcrand, and also the heats of ree of The 
corresponding by Forcrend. 


Hydrates, 
~ ““aec. to 
Forcrand 


7 melting point of 47°. We were unable to determine the fusion diagram for the 
system xenon-phenol, owing to the very small amount of xenon that was availebie 


to us. The determination of fusion diagrams for the systems Ae one ee 
' is very difficult, owing to the high pressures, - 


The results in Teble that the of formation of these compound 


C02 @ 2ho 437 | 
187 
H2S 35 60 
Heat of formation in keal | 
lof melting | at which | Acc. to Acc. to 
> melting P = 1 atm.} Clapeyron 
35.9 5.8 7.38 8.37 7 4 


5 e A 


are all very close to one another, The heats.of formation of the compounds of. 


phenol with H28 and HBr, for which the molecular radii end Van-der-Waals 
are very similer, are almost identical, 


For the compounds of HS, S02, and HCl with phenoi we nate established’ ‘the 4 
formule 1M: As the compounds of A, Xe, and Rn with phenol ere |. 
morphous with the compounds of H2S, 602, and HCl with phenol, they also must have : 
the formule 1M: 3CeH;0H, which is confirmed also by the closeness of the 
values of heat of formation for the Xe, HCl, HoS, and HBr compounds, z 


The close analogy in properties between the six compounds given $n the : id 
table proves that their formation is brought ebout by the same type of chemical — 
bond. For compounds of the inert gases » this bond can in the present case be. - res 
only Van-der-Waals. Also, analogy between substances that are 50 different in  . 

_ the chemical sense can occur only when they enter in combination as whole molee- . 
ecules, which must have a definite resemblance to atoms of inert gases. The : 
group of molecular compounds formed by phenon is evidently larger than thet of . 
moleculer crystal-hydrates, for it includes also hydrogen halide compounds, which * 
give hydroxonium compounds with water, and not crystal-hydrates. Compounds of. 
this group are more stuble than crystal-hydrates, for, at a ccordination number 
of 3, they have almost the same heet of formation as the crystal-hydrates of :-. 


a 


1. The ones of Rn with phenol is Siseniinaia vith that of S02 with 
phenol. At 15°, the distribution constant of radon between the gas phase and - 
the crystals of the SOs compound is 0.24, For the compound of HeS with phenol, : 
it is 1.24. Consequently, radon forms a phenol compound that is more stable than ° 
that of H2S, and less stable than that of SO2. The value of the dissociation 
pressure of the radon compound must lie between the values for the hence sae 
pressures of these latter compounds, - < act ise 


2. It is shown that the compounds of HS, HCL with 
the formule 1M: 3CgHs50H. The isomorphism of these compounds with compounds 
formed between the inert gases and phenol and the closeness of their heats of 
formation show that their formulas are ) ae and that the same type of 
chemical bond is present. ; 
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. EXPERIMENTAL STUDY OF THE ELECTRON DENSITY IN CRYSIAIS 
COMMUNICATION 5. ELECTRON DENSITY OF 


The determination of the electron density in the lattice of the chemical’ - 

compound MgoSi was carried out with the object of studying the character of the. 
chemical linkege of the atoms in this compound. MgoSi is a member of the group =~ 
of compounds formed by magnesium with elements of the fourth group; silicon, : 
germanium, tin, end lead (MgoSi, MgoGe, MgoSn, and MgoPb). The composition of 
these compounds is in accord with the usual rules of valency (the elements of Jig: 9 8 
the fourth group being here charged negatively); they all have the same crystal. = - 
structure, anti-isomorphous to fluorspar, and they do not form solid solutions 
with their components, which is characteristic for ionic compounds. The physi- | 
cal properties of the compounds vary in regular manner 6s the atomic nunber of . 
the anionic element is increased. For example, the melting point varies from. -- 
1102° for MgoSi to 780° for MgoSn and 553° for MgoPb, i.e., the stability of 
the compounds falls in this series. Affinity for electrons falls in the same _ ~ 
sense, and the metallic properties of the anion elements become more marked, — a 
The electrical resistivity falls from 1096+10~° ohm/cm® for Mg2Sn to 180°10°° 
ohn/cn® for MgoPb (there are no data in the literature for MgoSi). An examin- 
ation of these properties leeds to the conclusion that the ionic ‘character of 
the atomic linkage must be most pronounced in the compound MgoSi, and metallic 
charecter in the compound MgoPb [1]. 


A study of the distribution of electron density permits the character of 
the chemical linkage of the etoms in the lattices of chemical compounds of this 
group to be more fully elucidated. The compound chosen for examination is a. 
very convenient one from the point of view of the technique of electron density ; 
determination. Both components of the compound MgoSi are comparatively light -. Wess. 
elements of low atomic number, and from the friable compound it is easy to pre- - : 
pare fine powders that are stable in air. The phase diagram for the system 
MgoSi has veen studied, and it has been shown that MgsSi is the only compound . 
formed in this system and that it forms two eutectics with its components [2]. 
This compound does not form solid solutions. 


Preparation of the sample 


An alloy corresponding to the chemical compound MgoSi was obtained by melt- ~ 
ing together magnesium and silicon in silica crucibles in a high-frequency fur- © 
nece. First of all the silicon was melted (for this purpose the silica crucible 
Was placed inside a graphite one), then the magnesium was added. A series of 
alloys of varying magnesium content were prepared. After preparing the alloys, - 
they were annealed at 1000° for three days, and their microstructure was exam- 
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Lined. On the of the results, the alloy was that was in” 
: composition to the compound MgoSi, and it was analyzed for its magnesium content, . 
f The composition of the chosen alloy corresponded to a magnesium content of 63.344 
by wt., the theoretical magnesium content for the compound MgoSi being 63.4% by 
wt. The expe eng determined lattice constant of the chemical ‘canonnth is 
6.338 2 0.001 This value of the constant differs from that obtained by Owen 
and Preston [3] and is in good agreement with the value obtained by Klemm and 
-Westling [4]. Measurements of the lattice constants for alloys with an excess 
‘of one component above the stoichiometric proportion did not show any variation 
in the lattice constant of the chemical compound MgoSi, which points to the non- 
formation of solid solutions in the chemical compound, 24 


The elloy corresponding to the chemical compound is very friable end has oe 
dlue color with a metallic luster. The powder for the preperation of the sample 
was ground up in a mortar, grinding being continued until continuous lines were 
formed on the X-ray. photographs with tio resolution of the e-entspetaen doublets 


Preparation of the X-ray end ‘their 


The procedure for the preparation of the X-rey photographs was the seme es 
that used by us previously [5]. They were obtained with copper radiation endea ~ 
nickel filter, using plane and cylindrical samples. The latter served mainly for 
the determination of the intensity of the weak lines. The ebsorption ‘of the cyl-- 

t indrical samples could not be taken into account because of the low values of the 

ebsorption mefficients of the scattering atoms, the small diameters (about 0.2- 
0.3 mm) of the samples, and the close reflection angles for the lines on the X- 

ray-grem that were to be compared. For the flat samples, the absorption was cal-e 


a is the angle between the incident ray, and the plane of the 
ing from 15 to 50°). oe 
As the compound Mg2Si to that vary 
intensity [thus for plenes for which h +k+]1 = 4n, = 4(Si + 2Mg)3 when 


= 4Si; and when hh + k +1 = = 4(Si = 

it was essential to prepare a series of X-ray photographs of varying exposure, 

In cases where fB lines fell on a lines and there was the possibility of the 

first passing through the nickel filter, attention was turned to the absence of 
- B lines from the planes having the most intense reflection. 


The photometry of the X-ray diegram was carried out at a sotiaial taal eae of a 
1:6. When the X-ray diagrams were prepared from flat Samples, the determination 
‘of the intensity was made from the area of the peak on the photometric curve, 

. Which was determined, as previously, by weighing the peak, after redrawing on a 
logarithmic scale. The limit of the linear dependency of blackening on the X-ray 
intensity was verified for the film used. Blackening values exceeding the linear: 

. Limit were not used for calculation purposes. The blackening of the ground | of : 

the was taken into account also. 


be 


of the absolute values. of the 


Conversion from relative to absolute values ‘of the atomic scattering factor 
was carried out with the aid of aluminum as a standard.” The X-ray diegrams 
were prepared by the equal — for eluminum and 


t 

: 

: 

a 


for the com 
planes (331 


é 


ound The compar'teon was out for reflections froa 
; and (422) of aluminum and (620) and (642) of the compound Mgo84.".-": - - 


, The values for the atomic factors of aluminum by end 
“Wood [6] were taken as standard, 


was performed the former” 


for elusinum. 


For MgoSi, a = 6.338 


= 


whence Mg = = kr, 81x 2 = 95. 62, since the density of MgoSi aot termined fron. 
the ce results has the value 2.00; the pycnometricel value ~. 
2.01. 


: ‘Liver, ‘Ne 
Ma 


For aluminum in copper radiation, 
copper radiation, y- was calculated accord 


The values of }» for eluninun, and are fron the . 
: 


reference literature [7]. - 


F 


Mg2Si 


‘N= = 1/a*, 


where the ‘subscript (1) relates to date for MgoSt and the to data” 
All the syubols have their usual . ‘significance, 


we 


. 


end for aluminum, = 4.ohl A. ‘The exposure ratio tert, 


the calculated values into the equation already cited, we obtding.. 


Si 


=F 


= 151.53 for the compound in 


g to the formulas 


The comparisons were made in pairs - for planes (331) aluminum end a (620). 
MgoSi, and (422) aluminum and (642) MgoSi. 


The determination of the factor ie 


converting relative into absolute atomic factors was carried out on the basis of | 


the results of three determinations. The results of these determinations are .- />— 
ersten of relative values of the structural factor into absolute values 
Results for aluminum _ Results for MgeSi° 
mina- 
391 | 2.70 | 4.16. |° 620 | 3.12 | 13.18 
3351 374 3.2) 3.29 642 590 2.44 
2 422 2.29 4.16 620 193 | 2.h3 
331 251 2.65 3.29 382 1.97 9.63 
3 331 415 3.41 | 4.16 | 620 346 3.25 | 13.08 
Mean values "abs. 12. O15 F 
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The results in this table further for the of the 
atomic factors into , The dispersion correction was from Honl's 


of the ebsolute values of F for the MzoSt 
0.210 0.136 9.5 10.33 0.957 0.17 10.16 : 
300 0.243 0.158 2.5 .| 7.38 0.943 0.11. 7.27 
220 0.343 0.223 130.0 22.58 0.889 0.43 22.15 
311 0.403 0,262 45.5 7.90 0.850 0.15 7.75 
222 0.420 | 0.275 ‘31.7 6.43 0.858 0,10 | 6.35 
400 0.485 0.315 115.4 20.04 0.790 0.38 19.66 
331 0.529 0.344 40.7 | 7.07 0.756 0.14 6-93 
420 0.543 0.353 28.5 4.95 0.745 0.09 86 
| (0.595 0.386 100.1 17.37 0.702 0.34 17.03 
; 511(333) | 0.631 0.410 36.0 6.25 0.672 0.12 6.13 
0.687 0.446 85.6 14.87 0.624 | 0.30 14.57 
531 0.718. | 0.466 31.2 5.42 0.597 0.11 DedL 
600(442) | 0.728 | 0.473 a 3.502) | 0.588 | 0.07 | 3.43 
620 0.768 0.499 74.2 12.89 0.577 0.28 12.61 
533 0.796 | 0.517 - 5-002} 0.531 | 0.10 4.90 
622 0.805 0.523 - 2.807 0.523 0.06 . 2.74 
0.841 0.546 66.3 | 11.52 0.495 | 0.24 | 11.28 
0,867 0.563 24.6 4.27 0.472 0.08 4,19 
- + 0.875 | 0.569 ~ 2.402) | 0.465 | 0.06 2.31 
02908 0.21 


0.590 | “57.0 9.90 | 0.438 
*Wetues obtained by graphical interpolation. 


Results for the Sr terntestton of F-values for the a MgoSi are given in 
Table 2. In the graph (Fig. 1) Foo> is given in absolute units for a Venperetare 


20°, and curves are given, to the various of F = + 
| 
Calculation of the characteristic temperature 
There are no data in the literature concerning the characteristic tempera- 
ture of Mg2Si, and this quantity was determined by calculation from Lindeman's _ 
—* watch involves the melting point [9]. The characteristic temperature; 
where ais the atonic weight, the atomic volune, the absolute 
- the m.p., and c isa constant, taken to be 137. For the calculation of the char-' 
acteristic temperature of MgeSi, the following values were assumed; M. p. 1373 °K, 
- .@tomic volume of magnesium 14.1 and of silicon 12. O, mean atomic weight a 
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of the temperatire factor 


introducing the dispersion correction, the. 
“temperature fuctor is calculgted from the formulas 


~ Fi Fore =Bch® Fo 


Here the values are assuned for the 
constants; . 


h = 6,55:10 ™ = 1.662 107%, ke 1. 371° 10” 


When the values of the 
factors, obtained for 20°, for higher temperatures in- 
order to establish convergency of the —_— Series, the’ 
following formula was useds 


The assumed values of the constants were he same as before. 


where 


The calculation of electron density was carried out for a temperature of 
pede Atomic factor values for this temperature are given in ‘Table 3. Fis 


for a temperature of 4800°K 


111 
200 
220 
311 
222 
400 
351 
420 
422 


17.03 
6.13 
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622 2.7% |0.039] 0. BER 
m 11.28 |0.029] 0. Figure 2. Unit cell. of the compound 
711(551)} 4.19 | 0.023] 0. Me2St. 
2.34 10.022] 0. 
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The minimum value of the atomic factor used in the calculation is about 24 of i 
dts value at 20°, and is not outside the limits of the accuracy of satubrouent. be 
At the calculation temperature indicated, the distribution of electron density 
in the interionic ‘space is free from due to the off of 
series... 


TABLE : The calculation was carried out 
with the aid of Fourier 
Electron density in the [100], [110], seriert 


[111] end [601]3/ directions of the _ 
Distance 


unit cell of the 
in’ neity Y, 7 - . There are 536 terms in the series. 


. For ‘convenience of calculation we shell - 
@)[100]-AB ¢)[1210]-Ac take as 10, end 
1 hkl 
0. 65 4.67 


0.52 therefore ~ 


P=Ao + x5 Fuki cones (15 + ng) 


0.5965. + 


VF 
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In making the calculation it must be ventiieiet that, for reflections for which 
+2, F is negative. 


Results of the electron density calculation are anaes in Table ‘a “The airec- 
- tions for the calculation ere shown in Fig. 2. The electron density results are 
shown graphically in Fig. 3.for the various directions in the unit cell, and in — 


| 1.90 | 0.09 | 1.79 
2.5) 0.06 | 2.2h 0.19 
0.00 
| 4) [001] 
0,00 20. 0.00 0.20 
1 0.95 2.49 © 
1 1.27 . 
1.58 2.49 
1.90. | 0.75 | 


) The electron density calculetions showed that the electron denosty 4 in the : =, 
of the compound MgoSi has an irregular distribution. The interfZonie. 
in the (100) direction between the silicon fons folie” . 
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- Figure 3.° Electrén density distribution in the 
directions: (a) (100)-aB; (b) (110)-ac3' 


to zero, ebsence of ‘within the limits of the 
} electron density calculations. In the (110) direction there is a higher ‘electron 
density, 0.2 el. (Fig. 3b), which is to be attributed to homecpolar bonds* ~-. 
‘between these atoms. Similar electron density values are observed between the 
magnesium ions and between the ions of magnesium and silicon (Fig. 5c, 3a, and ADS 


i 

The electron density distribution around the magnesium fon has an cajaat— P | wid 


rical appearance contrasting with that around the silicon ion (Fig. hk). ; 


On the basis of an examination of the crystal structure,’ physical properties, er 
and positions of the elements’ in the periodic system for the series of compounds, E 


- bd 


Ay 

: 


MgoSi, MgoGe, MgoSn, MgoPb, the intermediate character of the chemical, bond in. 
this group of compounds = intermediate between fonic and metallic = was pointed 
‘out. The compound MgoSi is the extreme member of this group of chemical com- 
pounds and should, according to its position and properties, show ionic charac-’, 
ter in the bonds between its atoms to a considerable extent [1], The electron - 

ductivity electrons are ab- 
sent in the lattice of the | 
compound, while, at the same 
time, there are ‘homopolar bonds § 
present between the atoms,which 
are revealed by the higher elec 
tron density between the atoms, 
amounting to 0.2 e1./A°. It was 
not considered possible to de- 
termine the degree of ioniza- 
tion of the magnesium and sili- 
con atoms, owing to the absence 
of a sharp boundary between the 
separate ions, 


1. The experimental de- © 
termination of the structural 
in the plane (110) « compound has ‘been 


a The electron: density distribution for four directions of the unit ‘cell of 


the compound MgoSi has been calculated by the ee Fourier series method et a 
calculation temperature: of 4800°K. 


3. The results obtained indicate en irregular distribution of sili den- 
- sity in the interionic space. Between the silicon ions in the (110) direction, 
. between the magnesium ions, and between the ions of magnesium apd silicon, a 
higher electron density is to be observed, amounting to 0.2 e1/AS. Between the 
silicon ions in the (100) direction, the electron density falls to zero. -~ 


2 4. In contrast to the-silicon ion, the magnesium fon has an esyunetrical ap- 
- pearance with respect to electron density distribution. | 


5. The higher electron density between the atoms points to bhe presence of. 
homopoler links in the lattice of the compound. The zero electron density in 


certain parts of the lattice points to the almost complete ew of conduc 
electrons. 
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KINETICS OF THE POLYMERIZATION 


~ 


POLYMERIZATION OF METHYL ACRYIATE 


In the previous paper [1] the kinetics of the polymerization of chloroprene 


were described. It was then pointed out that the concept that we have developed — sa 
concerning the polymerization of chloroprene may be extended also to other come - -~ 


pounds, in fact to those which contain a conjugated link. In this paper we deo 

scribe results on the kinetics of the polymerization of methyl acrylate in the. - 
mass (undiluted liguid), working at high degrees of conversion. The kinetics for .- ~ 
@ low degree of conversion into polymer (3-4%) have been studied ty Bagdasaryan [2]. - 


. 


. 


Experimental Results 


The experimental arrangement and the initiation conditions were similar ~~ 
those used in the investigations on the polymerization of chloroprene. The re- _- 
action was initiated by light from a mercury lamp. Chemically ective radiation . 
(A = 303-313 mz) was filtered off by means of a 1.5-cm layer of 0.0005 M- -. .. 
KeCr0,. The reaction rate was measured by a dilatometric method. On illumin- . °° 
ating the reaction vessel, polymerization did not begin immediately, but aftera . 
certain delay (about 1.5 min), it then proceeded at constant rate. An apprec- ©. 
fable increase in rate was to be observed at 8.10% conversion, and at X >= 35% + 
the reaction went over into the stage of rapidly increasing rate. When the light~. “_.” 
is switched off, intense dark polymerization is to be observed, and it proceeds eee 

. at a dwindling rate and, efter a certain time, this attains a minimum velue. The 
rate then increases very slowly as polymer is formed right until e nucleus of a e 
the insoluble form of the polymer arises in the polymerizing mass. The formation” — 
of nuclei of the opaque granular mass of polymer proceeds at various points in 
the reacting space. The formation of the nuclei, as regards number and the ple raed 
places at which they form, proceeds in an irregular fashion, but the moment eat --°.*~ } 
which nuclei arise is determined by the degree of conversion: when the reaction -*. -_ 
has proceeded to the extent of about 30-33%, nuclei appear. From this moment, .- ~~. 
the rate of polymerization sharply increases. The genera] kinetic picture of -...--} 
the dark polymerization of methyl acrylate is presented in Figure 1, beginning °°: -- }-- 
from the moment of switching off the light. The curves 1, 2, 3 and 4 were ob- ~:~ -j. 
tained. after 10, 19, 24, and 32 min. irradiation of the polymerizing mass; at... -.. 
the end of this period the light was switched off. 


formed up to the moment when the light was switched off are respectively 7.5, © 00. fs = 
14, 18, and 24.5%. The further the photoreaction has gone, the shorter the - :°.%": 

| 
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“ 
of the dark reaction. thus, the kinetics of the of poly- 
methyl methacrylate are precisely similar to those described by us previously (1) 
for the polymerization of chloroprene, though with this difference, that the 
point for the transition of the slow dark reaction into the non-stationary con- 
dition lies at about 31-32% conversion, instead of at 9-10% for chloroprene. Also, 
in contrast with the chloroprene polymerization, the character of the curves for. 
the dark polymerization of methyl acrylate does not depend on the extent of the 
photo-reaction (i.e. on Xppo 4). All the curves can be fully suerte. In ell 
cases the same end-product 4 is formed. 


Fig. 1. Kinetics of the Sait polymer- 

ization of methyl ecrylate at 20°: 

9) photo-reaction; 1) 10 
Xphot7- 2) te 19 min.» 

3 te 2h min. “Xphot ) te 32 

oh, 
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- 
. 


This particular circumstence permitted the observence of an essential fact, 
the observance of which wes impossible in the polymerization of chloroprene?) 
nemely that the minimum rate (vn3,) of the dark polymerization depends on the 

_ value of Xpnot ~ the amount of polymer formedet the moment when the light is | 
switched off, or, what emounts to the same, on the value of Xz3, ~ the amount - 
of polymer formed at the moment when the derk reaction reaches the minimum rate. ~ 


From these results it is evident that the minimum — maybe expressed by 
the formula: 


Calculated | Found, 


$9 
$2298 678 
6 


Fig. 2. Dependence of the atatawe 7 

rate of the dark polymérizaticn ons 

the amount of polymer at the mo- ee 
ment of minimum rate.. 


Secause of the superposition of the process of formation on the "preceding 


0.00295] 0.0077 +|0.0077 -- 
Lo -0.00473 | 0.0102 ~ |°0.0098 
. 0.0058 0.1010 0.0109 


Formule (2) corresponds: closely ‘to the observations, 


. 


; This relation 48 shown on Fig. 2, and in this figure is ‘shown also the relee ." 
; between Yin and log Whence we find that = 0.53 end Z 1. 4201077, 


Hence, the exact expression, for the minimum rate has the forme 


. . 


outside, does not result in the complete stoppage of the polymerization of methyl 


acrylate. The reaction, having reeched a certain minimum rate, continues to deve. ee as 
elop. In conformity with the chain~branching nature of the process, the change in ~ 


off the light, dee. curtailing the formation of active centers from 


the rumber of active centers (growing chains) with time may be represented by | the 


7 


After transformation end we find that the vate function of 
the of forming polymer tents toa valuet 


- rises, with the extent of polymerization proportional to the — of the 


The experimental value of the mininum rate is given by Formats (2) 3 and 
therefore 


4. e. the minimum rate which is determined by the of centers 


quentity of polymer that has been formed. . oie ee 
- The relation is under the condition that: ks = (5) 


for the sabe chain growth nor, the of the chains is deter- 


. mined by the amount of polymer that has been formed, ._ ~ 


? 


Hence, the kinetics of the slow dark reaction, which we scala as the reac= 


tion of the formation of the three-dimensional structure of the rs — be- 


Integrating Equation (6) and assuming that hoe 10°79." ‘the rate of 


of the insoluble form of the polymer of methyl ‘acrylate can be caléu- | 


lated, using the kinetic curves for the polymerization (Fig. 1). The result of 
- the exact calculation is skown in Fig. 3 (broken lines), The photo-reaction . . 


(Yphot) is represented by a curve that proceeds from the origin; Yphot in the ae om 


stationary phase of the reaction has a ‘value of 1.38-10°© mol. /sec* cms. ., 
Switching off the light (arrow) causes a fall in rate, which evidently results 5 
from a recombination of chains in the mass of the liquid phase. The process. 


proceeds in space by a branching out of the polymer structure. As this structure S 


develops, the rate (of the curtailment of growing chains varies according. to the 


law Ksx'b = = const. ‘The broken curves in Fig. 3 demonstrate the eccuracy wate 
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i 1, 
Rate of the dark polynerization 
of methyl acrylate: 1) -5%3 2) 
“1, It 4s shown that the mechanisms of the polymerization of methyl acrylete 
and of chloroprene are of the same type, i.e. that of compounds that contein a 
system of conjugated bonds. The resemblance between the two processes is emphé- 
sized by the heats of the reaction, which are equal (18.7 kcal) [3]. The magni- 
tude of the heat effect is to be related to the loss of the energy of conjugation 
in the original monomer when the system is transformed from the initial (Ry +. » 
into the final (Rp + 1)° state. 
y 2. A differential equation describing the kinetics of the. Sivenhseti of the” 
branched three-dimensional polymer been obtained. 
Institute of Chemical Physics Received March 1951 
0) P.S. Shantarovich' and s. S.Medvedev. J. Phys. Chem., 21, 1143 
kh.s. Bagdasaryan. J. Phys. Chem., 1181 (1948). 
Tonga, W. J. Am. Chen. Soc., 69, (1947). 
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WVESTIGATION oF SOLUBILITY THE RECIPROCAL. SYSTEM 


By. & study of solubility in the + 
excl = = KeS04 + CaClo]—HeO0 at 55 and at 25° by the isothermal method it has 
been possible to establish the composition of the solid phases formed as a result -. 
of double-decomposition reactions and to give an explenation of the origin of the. 
calcium chloride found in certain brines. The reaction thet lies at the basis of ~ 
the reciprocal systen is ects sini by the formation of the double salt Aa ° 


‘ 
‘ > 
é . 
. 


It ‘should be noted that a similar interaction between sodium chloride na 
calcium sulfate is not observed [2]... 


The reciprocal system CaSO, ~ KCl includes the ternary’ 
systems: 1) KCl CaClo Ho0; 2) CaS04— CeCl> HoOs 3) KoS04 — CaSO, 


System K2S04 - CeS0, H20 at 


- 


“The ternary system potassium sulfete-celéiun sulfate-water has bet studied ; 

by many authors over a wide interval of temperature. Isotherms for 40, 60, and - 
100° were obtained by Hill [3]. This author carries out a detailed-study of this | 
system and gives its polytherm. In his investigations, Hill [3] takes up a crite. 
ical attitude towards the work of van't Hoff on the determination of the trans- _ 

. ition points in the system calcium sulfate-water, and he gives 42° as the temp-° 
erature for the transition gypsum-anhydrite, i.e., 21° lower than that found by 

- van't Hoff (63°) [8]. Potassium sulfate lowers the solubility of calcium sulfate;--—_ ; 
and two double salts are formed: syngenite,K2S0,°CaS0,°H20 and potassium penta-- . 
calcium sulfate, 5CaS0,*K>S0.°Hs0. In view of the long time required for estab- 
lishment of equilibrium in systems containing calcium sulfate, the study of. solu- 
bility was carried out using already prepared solid phases, i.e., en artificially - 
prepared salt or mixture of salts was mixed in a vessel, and a liguid phase of 
known concentration was poured in. The solutions were allowed to stand ina | 
thermostat for 8-10 days. The solid phases were identified by optical examina- | 
tion of the crystals. K, Ca, and SO, were determined in the liquid phase by the . 
usual gravimetric methods. The results of the experiments are given in Table I. ~- 
The solubility diagram consists of four branches (Fig. 1). The branch AB, which pee 
corresponds to the solubility of anhydrite CaSO,, is lowered somewhat under the.. — 
influence of potassium sulfate K250,. The branch BC, within the limits of 46h 
» corresponds to the solubility of 


. 


- 


~ 
. 
. 
wes 


5CaS04*K2804°H203 the branch CD. to syngenite, K2804°*CaS04*H20. The composition 
' at all the points given on the diagram was obtained experimentally, with the ex- 
ception of the point for the simultaneous crystallization of anhydrite end penta. 
sulfate, which was obtained graphically and verified synthetically. The lines 
joining the points for the compositions of the double salts (syngenite and pente- 
sulfate) to the origin do not pass through the corresponding crystallization , 


. 


Solubility isotherm at 55° for the system K2S04 


80144 phase _ | Duration 
ptical_exemination of.c 


1 

3 

L 
005|15.09}0.007] Syngenite + K2S04 153. 
6 .028] 5.92]0.095] Pentasulfate + syngenite 26 

7 ‘ 035} 2.94/0.125] Anhydrite 
8 93 .032] 4.2010.120lAnhydrite + pentasulfate 20 

The formation of pentasulfate (Fig. 


2) at this temperature from anhydrite, 


evidently proceeds through a stage in 
which syngenite is formed (microscop- - 
ical observations). 


The crystal-optical constants of 
syngenite are . 


Ng = 1.518; N 1.5173 Np 1.561 


oF The* crystal-optical constants of 
Fig. 1. Solubility isotherm at 55° 
rhe the system KoS0e CaSO, poteseion 


Ng ='1.568; = 1.569; Np = 1.556 


“Ternary system CaS0,- CaClo- Fs0 et 55° 


This system was studied at 55° both in the stable and in the metastable __ 
‘state (Fig. 3). The metastable diagram consists of the solubility branches of 
dihydrate gypsum, CaS0,°2H20, a-hemihydrate, a-CaS0,°7/s and calcium chloride 
dihydrate, CaCl*2Hs0 [9]. It is interesting to note that, under the influence of 
calcium chloride, the solubility of gypsum first falls from 0.2 to 0.02% CaS0q,- 
and then rises to 0.1%.. It is difficult to say how this is to be explained. 


The stable diagram consists of the solubility branch of anhydrite, CaS0,, ~~ 
end that of calcium chloride dihydrate, CaCla°2Hs0. At 55° the solubilities of | _ 
gypsum and anhydrite do not differ greatly, and this explains the closeness of ‘ - 


as also its decomposition into anhydrite, | 


. 
K*_|S0."|Ca 
SESSA 
| 


isotherm at 55° for 


Liénuid phase 
oF ca So! | CaCle |_ B20 | 


2,82] 5.26]0.102! 8.2310.102] 91.67 
3.31] 5.78] 0.068} 9.08/0.097| 90.82 
0.053] 13.55] 0.075) 86.38 
0.022} 23.00} 0.030} 76.97 
0.015] 27.08] 0.020) 73.97 
0.011] 31.91} 0.016] 68.07 
0 
0 


.043142.501 0.061] 57.44 
47.47} 0.090) 52.14 
9.52 
18.57] 32.721] 0:007| 51.30] 0.010! 48.69 


20.45136.38] 0.022156.921 0.030] 43.03 
oO} 5.73}0.050 8.4210. 075] 91.51 
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the branches for the stable and 


the system CeCle — 
Solid phase*) 


Gypsum 


Gypsum CaS0,°2H20 


Gypsum CaS04°2i20 


Gypsum 
Gypsum CaS04°2Hs0°:. 


Gypsum CaS0,°2Hs0 
Gypsun CeaS04°2H20 
E20. 
a-CaS0,*2/> 
a-CaS0,4° 
Anhydrite 


The hth stability of ‘the 


13 | 9.55]17.6210.009|27.0 10.0131 73.00] Anhyarite 3 ke 


The solid was determined grystallo-optically by Lyashenko. 


fernary System KCl — CsClo — at 55° 


The has been investigated by a number of authors at various 
tures. The various authors have held diverse opinions about the chemistry of the’ 
system. Thus there was the suggestion of the possibility of the existence of the | 
compound KC1*CeClo°6Hs0, analogous to carnallite, er. made in the Trans. - - 
‘State Inst. Appl. Chem by Shoykhet and 
Lukyanova [4], who studied the system over a 
wide range of temperatures (from —10 to 130°) 
in connection with its spplication to the 
treatment of the mother liquors of chlorate 

_manufacture for separation of calcium chlo- 
ride. Later, Lightfoot [5] found a double 
salt of composition @KC1*CaCla*2Hs0 at 35 
and 75°. 


In 1950, Assarsson [6] again investiga- 
ted the system in detail and gave its poly+ 
therm; with the aid of Schreinemakers' 
method, he succeeded in proving that the 
double. salt obtained has the 
CaCle- KCl. 


double compound in melts of the salts. In | 4 
our solubility investigation onthe ternary : 

System at 55°, we have established the existence of three te 
ches: that of that of and that of the double salt, KCl°CaCle- 


Figure 3. Solubility isotherm | 
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“Fig. 5. Hydrophylite. KC1+CaClo. (x 250) 


The double ‘salt which was for 
the first: time by Lyashenko, corresponds to the little studied natural mineral 
hydrophylite (Ng = 1.572, Np = 1.526) (Fig. 5). The temperature limits for the - 
existence of KCl*CaClo, according to the results of the last authors, are fron .. 
37.8" to fusion. The salt is difficult to separate because of the high viscose 


air? 


ity of the ‘solutions from which it is _: The results of the experiments’ - : 
Fig. 4, Solubility ‘isotherm at - Fig. ‘6. Solubility isotherm at | 
55° for the system for the CaSO, — 2 
: The Reciprocal System CaSO, — KCl — Ho0 at & 
The system was first studied by the author at 25° in 1947 [9]. At 55° “the : ie 
Solubility diagram consists of the following fields (Figure 6):. 


1) the field of anhydrite CaS0,, which occupies greater of the. 
Grea — 96. 50% of the whole area of the squares 


2) the field of pentesulfate, » which is immediately sdjacent to the fied of 
anhydrite: 0. 66% of the whole area of the square; 


K 3) the field of syngenite, which is between the fields of end 
25045 


4) the field of potassium sulfate, which is small in size and is in, u 
on the one side, to the field of syngenite, and on the other side — to the — 


h9 


. 
Liquid phase (wt, 
| 
= 


Bolubiiity isotherm at 55° for the reciprocal system CaSO4 KCl 


‘ No, [Comp.of liquid phase in % by wt. | 
[xe [ow [ore | m0 | 


20.37 |37.90 | —— | 39.39 — = 1200.00 [4062.0 . 
. 8.32 Bn: 91 8 100.00 | —— rege 
3.25 194.03 100.00 | -—— 148, 
2.37 195.67 100.00 | —— 208.808 
0.71 168.53 3.53 | 96.47 18.124 
0.007) 14.04 | 0.71 |69.47 96.40 | 18.901 
5.48] 3.52 182.15 67.83 | 40.022 
10.09 | 0.27 177.93 98.06 | 29.827 
8.35 | 2.84 | 76.38 79.95 | 28.785 . 
4.551 0.81 | 89.14 88.38 | 68,823 
1.16] 2.37 |93.23 39.91 | 125.126 
1.18] 1.77 |94.36 47.46 | 149.510 
5.38 | 2.94 | 83.37 71.25 | 43.490 
0.79 | 2.10 [94.57 33.75 | 159.050 
15.81 0.11 |67.55 99.50 | 172.894 
1.93] 1.42 193.41 64.85 | 125.340 . © 
4.82] 0.65 | 88.79 90.95 66-02) 
16,00 | 0.09 | 70.00 99.57 | 17-130 
37.15 | 0.005) 40.89 99.98 4 .331- 
0. 005 — 10. 73 99. 


| 


\t 


the fiela of potassium chloride, bounded on one side by entyarite and 
@ small extent by potassium sulfate, syngenite, and pentasulfate: 0.50% (thus 


. the field of potassium chloride borders on all the veces ——— of the —" 
forming four triple points): 


6) the field of calciun Ta which has the lowest area of all the 
fields: 0.03% of the whole area of the square;  * 


7) the field of the double salt KCl: CaClo, which Borders on the KCl | fte1a, 
on the CaSO, field, and on the CaClo-2H20 field. 


Stable points of simultaneous crystallization within the systent 


1. KCl3; KoS0,3 syngenite — composition in ion-%: 96. 3. 60 5045 
0.86 Ca; 99.14 Ko. 

2. KCl; syngenite; pentasulfate: 99.0 Clo; 1.0 S04; ‘88.0. Kos 2.0 Ce. 

KC13; pentasulfate; CaSO43 0.70 99.30 3.3Ca; 96.7 Ka. 

4. KCl°CaClo; CeClo*2Hs0; CaSOg; 0.70 99.3 Clo; 5.7 94.3 Ca. 

KCl; CaCla°KCl; CaS0z3; 7 fields of crystallization, 5 points 
‘simultaneous. crystallization of three phases, and 7 points denoting simultaneou 
crystallization of two phases. The fields within the system were delimited by -° 
the method of adding a third salt to the non-variant solutions of the ternary ~ 

_ Systems, The solutions were kept in e thermostat for 10-25 days. The average 
time required for establishment of equilibrium was 2 weeks, so long as the solu- . 


tion was stirred with the already prepared solid phases. At 35° re es. 
established noticeably more rapidly than at 25°. 


The reaction between calcium sulfate and potassium chloride in solution is aay 
usually accompanied by the formation, together with calcium chloride, of synge- 
: nk whose solubility is less than that of anhydrite. This, of course, leads 


we 
H20 per 1000 
6.76 
2.69 
1.93 
16.40 
15.71 
8.81 
11.69 
10 | 5.44 
11 | 3.22 
; 12 | 2.65 
13 | 8.25 
14 |. 2.50 
15 |16.08 
16 | 3.19 
17 | 5.65 
; WY] 9.05 
19 | 1.98 
20 | 4.24 


Composition of solid phase = 


Pentasulfate + syngenite - 


The next stage of the reaction leads, under known conditions, to formation. 
of pentasulfate 5CaS0,°F2S0,*HsO. Whereas the formation of syngenite otcurs 
over 4 wide range of temperature, from 0 to 100°, Ue formation cf —— 
occurs at higher than 32° [8]. . . eee 


C2804 *K2804+H20 + = 508604 


On comparing the solubility _—— ‘for 35° vith those for 25° [91 > we are 
led to the conclusion thets ~ = 

1. Rise in temperature has a action on the 
reaction between CaSO, end KCl, for the syngenite field shrinks relative to the 


_ other crystallization fields, and the solubility of syngenite therefore in- 


creases [9]. However, the solubility of anhydrite falls with rise in tempera- . . 
ture, which confirms the view expressed earlier, that ae reaction has a =e. 

2. The number of separate fields in ‘the increases as the 


ture rises. At the Gouble and % are’ 
absent [9].- : 


3. At 25° the stable form of calcium sulfate athydrate gypsum, whereas. 
at 55° it is anhydrite. 


In order to see whether a is possible between. 
KCl in the state under the influence of the molecular 


‘ 
e 
1 ae 
56 
: 


ae ’ 
o 
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volumes of the initial and final substances in the reaction Ca80, + 2KCLI— 
K280,4 + CaClo were calculated. The molecular volume calculation showed that ine | 
crease in pressure should not favor the formation of calcium chloride end synge- 
nite. Actually, experiments carried out with a hydraulic press, using pressures. ~ 
of up to 20 T, confirmed the theoretical a cae no caledum chloride was 
formed in the mixtures subjected to pressure, 


The facts obtained as a result of the study of the viiliamaa’ mriken made 
an approach possible to the question of the formation of calcium chloride in 


natural brines, The occurrence of calcium chloride in natural lekes of the c 1 
second class (Kurnakov's clessification) is usually on ‘basis of 
2Ca(HCOs)2 + MgCle =  CeCle + celts (COs)2 + 


Ca ~-aluminum silicate + MgClo Mg silicate + 


Urazov [11] investigated the Bakin lakes of the Apsheron peninsula ena 
found them to contain a large amount of calcium chloride, reaching 12%. In the 
Perekop lakes of the Crimea, the CaCla content is less and varies from 0.2 to 2.2%. 
Kurnakov [10] explains the excess calcium ion in the latter by the first double- - 
decomposition reaction. In the Solikam salt deposits, potassium chloride is found 
in paragenesis with anhydrite. In his investigations of this deposit, Morachevsky 
[12] established the presence of calcium chloride to the extent of 0.3-3.3% in the 
zone of crystallization of potassium salts, but, as the author points out, no cale . 
cium chloride is found in the zone of crystallization of rock salt. Since the 
predominating calcium compound in this salt deposit is anhydrite (CaS0O,), the pre- 


sence of calcium chloride in the zone of crystallization of oe mane ~ be 
explained by the double-decompos ition reaction: 


which occurred during ‘the drying-up of the Perm sea, ee: the ouit layers of the, 
Higher Kama deposits were formed. 


Interaction between potassium chloride oni anhydrite can give 
amounts of calcium chloride. Thus, et point C on Figure 6, where we have simul- 
taneous crystallization of potessium chloride and anhydrite, the calcium chloride 
content of the liquid phase is as high as 12%. As this reaction proceeds further - 
at lower temperatures, the possibilities of its occurrence in nature are widened, 


Although other double-decomposition reactions cannot be excluded for the Solikam - 


deposits, the above considerations are confirmed by the followings — 
1) the occurrence of paragenesis of potassium chloride with anhydrite; 


2) the presence of calcium chloride in the zone of crystallization of potas- 
sium salts and its absence in the zone of of salt. ‘ 


4 study has been made of the solubility relations at in the -rectprocel 
system; 


7 excl K2S0, + CaClo) — 


— 
F 
. 
- 
: 
le 
~ 


2, In the reciprocal system fields of have hon 
and of these 3 correspond to double salts: syngenite, potassium 
pentacalcium sulfate, and hydrophylite, KCl°CeCle,, : 
3. The formation of calcium chloride proceeds owing to the formation of the tr . ie 
4, Lowering of temperature favors the reactions. j 
5. The occurrence of calcium chloride in the zone’ of crystallization of 
potassium salts in the Solikam deposits may be explained, as can also other mote-, eegeener sy | 
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CATALYTIC OXIDATION ETHYLENE on’ MAGNESIUM CiROMITE 


Ya. Margolis and 0. Toles 


a previous we have studied ‘the of the oxidation of 
octane and ethylene in stream-form at catalysts belonging to the structural type 
of spinels (chromites, eluminates, etc.). The study under dynamic conditions of 
the determining stage of the oxidation process at various catalysts in presence 
of various additives does not seem possible. In this paper we give the results 
of a study of the oxidation of ethylene in a vacuum system under static conditions 


at low meceee (0.1-2 mm Bg). As under streaming conditions at catalysts of the _ 
Iydiio,, the reaction goes to completion, 1.e., to carbon dioxide and water, 


type Me 


EXPERDENTAL 
‘1. Gases 


Ethylene was prepared by the dehydration of ethyl alcohol at ective aluminun 
oxide and was purified by continual freezing out and filtration through active 
charcoal. Oxygen was prepared by the cecomposition of potassium permanganate that 
had been recrystallized twice; impurities were removed by freezing out. 


i 2: Catalyst 
For the investigation a magnesium-chrome catalyst, consisting of a mixture 
of magnesium chromite with excess magnesium oxide, was chosen. As an additive, 
sodium silicate was used. The specific surface of the magne sium-chrome catalyst - 
was measured by adsorption of nitrogen at 183°; it was 70 m ? /g. Elovich and 
ccworkers have studied the adsorption isotherms of propene on these catalysts at 


~—23 and —63° over a wide range of pressures (10°* mm Hg-700 mm Hg) by weighing on - 


a McBean quartz balance. The heterogeneity of the surface was analyzed by Rog- 
insky’s method, and it was shown thet the magnesium-chrome catalyst has a very 
heterogeneous surface, with a wide variety of sites with respect to molecular heat 
of sorption. On introducing the additives into the catalyst, the apnea surface 
did not change appreciably. 


> 


3. Arrangement of Apperatus and Procedure  -° 


The study of the oxidation of ethylene by oxygen was carried out in a snes 
system, represented in Figure 1. From the gas-holder flasks 2, 3, and 4, gas pro- 
_ ceeds to the manifold 1 and is admitted through the taps 15 ona 16 to the reactor 

10. The latter is contained in an electric furnace ll, the p.@. across which © 
is regulated by means of a variable resistance, which is switched in across a~ 
stabilizer, The temperature is measured at the wall of the reactor by means of 


& Copper-constantan thermocouple and a potentiometer. The variation in tempera-".~ 


ture did not usually exceed 42°. In a number of cases, in order to obtain more 
accurate measurements, beths containing constant-boiling liquids (ethyl alcohol 
78°, toluene 110°, aniline 184°) were used. The upper joint of the reactor was 
surrounded by solid carbon dioxide to protect the catalyst from the vapor of the 
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CATALYTIC OF ETHYLENE on MAGNESIUM 


“Ta a previous (1) we have studied ‘the of the oxidation of 
octane and ethylene in stream-form et catalysts belonging to the structural type 
of spinels (chromites, aluminates, etc.). The study under dynamic conditions of 
the determining stage of the oxidation process at various catalysts in presence 

of various additives does not seem possible. In this paper we give the results. 
of a study of the oxidation of ethylene in a vacuum system under static conditions 

at low gesesure (0.1-2 mm Hg). As under streaming conditions at catalysts of the | 
type MelIyiTIo,, the reaction goes to completion, 1.e., to carbon dioxide and water. 


EXPERIMENTAL 
‘1. Gases 
Ethylene was prepared by the dehydration of ethyl alcohol eat active aluminun 
oxide and was purified by continual freezing out and filtration through active 


charcoal. Oxygen was prepared by the Cecomposition of potassium permanganate that 
had been recrystallized twice; impurities were removed by freezing out. 


For the investigation a magnesium-chrome catalyst, consisting of a mixture 

of magnesium chromite with excess magnesium oxide, was chosen. As an additive, 
sodium silicate was used. The specific surface of the magnesium-chrome catalyst - 
was measured by adsorption of nitrogen at 183°; it was 70 m ? /g. Elovich and. 
ccworkers have studied the adsorption isotherms of propene on these catalysts at 
—23 and —63° over a wide range of pressures (107 * mm Hg-700 mm Hg) by weighing on - 
a McBean quartz balance. The heterogeneity of the surface was analyzed by Rog- 

. insky's method, and it was shown thet the magnesium-chrome catalyst has a very 

. heterogeneous surface » with a wide variety of sites with respect to molecular heat 
of sorption. On introducing the additives into the catalyst, the — waESace 
did not change appreciably. : 


3. Arrangement éf Apparatus and Procedure -*-... 
The study of the oxidation of ethylene by oxygen was carried out ina static 
system, represented in Figure 1. From the gas-holder flasks 2, 3, and 4, gas pro- 
_ ceeds to the manifold ] and is admitted through the taps 15 and 16 to the reactor 
10. The latter is contained in an electric furnace ll, the p.@. across which 
ts regulated by means of a variable resistance, which is switched in across a™ 
stabilizer. The temperature is measured at the wall of the reactor by means of 
& copper-constantan thermocouple and a potentiometer. The variation in tempera-"” 
ture did not usually exceed 42°, In a number of cases, in order to obtain more 
accurate meas surements, baths containing constant-boiling liquids (ethyl alcohol 
78°, toluene 110°, aniline 184°) were used. The upper joint of the reactor was 
surrounded by solid carbon dioxide to protect the catalyst from the vapor of the. 
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. of ‘the oxidation Seenkiton were followed by the change in pressure; the water 


‘saturation sets in. 


. Static conditions may be explained by a reversible or irreversible poisoning of 


the reaction it possible the processes of chemis orption and of 


‘ 


grease. Water formed in the reaction was frozen out in the trap 22, which | was 
. Immersed in a Dewar vessel containing solid carbon dioxide. The reaction was . 


followed by the fell in pees ssure in the McLeod gee Is joined to the rare 
fla sk 9. 


“Also, the amount of carbon. 
dioxide formed was measured by ab- 
sorption by solid caustic alkali 
in the absorber 8 and by freezing 
4t out in the side tube 23. The: 
procedure was as follows: a » 
weighed amount -of catalyst was. 
pleced in the reactor. (0.02-0.2 ¢g 
magnesium chromite), protected 
with the eid of solid carbon di- 
oxide from the vapor of grease, 
, and activated at 450° for 2 hours, 
:The temperature was then brought 
to that required in the expe rimené. 


end maintained at that level for 
Figure 1. of epparatus ‘one hour. Under identical con- 

Collectors; 5) calibrated volume; ditions in ebsence of catalyst 
6) manometer; 7) McLeod gage; 8) ebsor=_ .. the transfer coefficients of the _ 
ber containing elkalis” 9) fore-vacuii’ ases used were determined at 
flesk; 10) reactor; 11) electric furn- a temperatures. Pure ethyl- 
ace; 12) trap; 13) side-tube for gas ene, pure oxygen, or a stoichio- 

enelysiss metric mixture of these gases was” 
. ed transferred from a definite volume 


into the reactor, and the kinetics 


formed in the reaction was frozen out in the trap, which was surrounded by s01i4d, 


carbon dioxide. At definite intervals the gas mixture was analyzed for its con- 
tent of carbon dioxide, ethylene, and oxygen. 


4, Oxidation of a Stoichi ometric of Oxygen 


In Figures 2, 3, and 4, kinetic curves are given for the oxidation of a 
stoichiometric mixture of ethylene and oxygen. Expressed in coordinates of pres- 
sure change (mm Hg) and time t (min.), the curve at first rises dried and then 


. 


Under static conditions at low pressure, with the 
tion process became slower until it reached a constant condition, which did not 
change in further experiments. In the oxidation of a mixture of ethylene and air 
under dynamic conditions, the. activity of the magnesium-chrome catalyst remained 
unaltered for a long period. The lowering of the activity of the catalyst under . 


the surface. The filling of the active sites by one of the components of the 
reaction can lead to a reduction in the rate of reaction. Simultaneously with -° 
the catalytic reaction, chemisorption [2] may proceed, and this, according to a. 
number of investigators, is a complex process, leading on the one hand to the. 
activation of the molecules of the reacting substances at the surface, and on the 
other hand to the non-participation of molecules that are firmly bound to the 
surfece in the reactions; in this latter case, chemisorption becomes a blind alley. 
for the reaction. “From this point of view, a detailed analysis of the balance of - 


reaction, 


Fig: Dependence of the “Feaction 


“It 48 shown in Table 2 that eo reaction for stoichio- 
metric mixture the proportion of oxidized ethylene constantly falls and after 5... a ee 
experiments, emounts to 18%, whereas the proportion of sorbed ethylene on 


# - 


. 

te, 


ef 


Fig. +. - Dependence of the reaction’ 


rate (pressure change) for the oxi-. rate for the oxidation of ethylen¢ ©“ <  .. 
dation of ethylene at 275° on at 320° on time; 


the surface of the rises from experiment 
to experiment and attains 60%. The fall in the eri 
overall rate (see Figures 2 and 3) and the attain- : 
ment of a so-called "stationary™ state are decep- 
tive, for under these conditions ethylene scarce- 
ly undergoes oxidation and only blocks the surface 

_ of the catalyst. Simultaneously with the sorption | 
of ethylene, sorption of oxygen, which does not ae 
react with the ethylene, occurs. At the same time - 
it should be noted that the proportion of unused 
ethylene (residue) remains constant, i.e., the 


tee 


surface is not saturated with sorbed hydrocarbon, 


whereas the proportion of unused oxygen increases _ rs 


from experiment to experiment and attains 20%. In 
other words, either the activation energy for the 
sorption of ethylene is considerably greater than dation of ethylene at 360° 
_ that for oxygen so that the process is determined ‘on the time.. i % 
_by the sorption of ethylene, or they are sorbed at 
different sites, and the proportion of adsorption - 
sites for oxygen is considerably less than for ethylene...” 


It is possible that in addition to sorption the process of the Steschukiin a . 
of oxygen in the catalyst may occur. The "poisoned surface” may be regenerated’. =< --i 
by reaction with oxygen in tle gas phase (Experiment 6, Table 1); the surface 


ethylene is burned out, and the ectavat the catalyst is 
regained. 


When the reaction is carried out in a gas strean with excess of oxygen, : ee ne e 


-. Fig. 4. Dependence of the © 
yeaction rate for the oxie- - 


| regeneration of the catalyst surface by oxygen is occurring constantly, and - 
oe — activity of the catalyst does not alter over a long period. Change 


a 
| 


e 
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‘Reaction ter the Oxidation of a Stoichiometric Mixture Ethylene. and Oxy ger 


peri-|of. the stoichio- oxygen (4) 
Sorbed on Sorbed on 
Oxidized Residue Oxidized Residue 


ment |metric mixture 


No. |Po (mm Hg) 
2 172 70.0 26.3 53.7 70.0 20. . 
0. 172 62.8 9 32.6 4.6 62,8 235.8 
‘0.172 . 42,2 2.1: 535.2 "27.3 
5 0.172 | 18.6 60.6 1.6 | 18.6 51.3 20.1 «3 


0.165 | a0 | | 20.5, fos 


in the of would no doubt occur in reac-- 
tions with less than the stoichiometric proportion of oxygen. Analogous changes “in 


the surface have been observed Elovich and coworkers in a the 
of CO at Mn02 [2]. 


The process is expressed by the following kinetic equation E 


; where Q is the amount of reacting substance, a and & are constants, and t is the. 
- time. The coefficient a is a measure of the heterogeneity of the surface with J 
respect to energy. As the process is continued, end therefore also chemisorption, 


the surface becomes leveled out and more —r ) and the kinetic equation goes 
over into a unimoleculer ones 


wv = k(g9 q). 
In the oxidation of ethylene at a magnesium-cbrome catalyst, the same kinetic law. 
is observed, and the surface changes as the reaction is continued. In Figure 5,. 
the transition of the reaction over to the unimolecular law is shown. On intro- 

ducing an additive (sodium silicate) into the magnesium-chrome catalyst, the equa- 


tion for the oxidation reaction of ethylene, both under dynamic conditions at 
atmos pheric pressure and under static conditions at low pressure, is not éffected 


In Figure 6, results are shown for the oxidation of ethylene at a catalyst : 
containing various enounts of additive. If the reaction rate equation is as aia a 


where Wo is the initial rate, a is a coefficient » end ar “is the change in pressure, 
resulting from reaction in mn, 


2,5 


When this equation is written for two points and one 4s. dividea by 
_ the other [4] we obtain © 
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Fig. 5. “Kinetic curves for Fig.-6, Dependence of the rate of oxidation ree - 
the oxidation of ethylene: action of a stoichiometric mixture of ethylene  ~- 
1,2,3,and & indicate suc- . and oxygen at various catalysts at 320° on We: 
cessive experiments log of time: 1) magnesium-chrome catalyst, - 
2) magnesium-chrome + 1% sodium silicate, 3) .. 
magnesium-chrome + 2% potiiins silicate, 4) mage 
nesiun-chrome + 3% sodium silicate 


£0. 
tn 


' Pig. 7. Dependence of the reaction 
_ Tate of the oxidation of ethylene at 
- 300° for different catalysts at sta- 


Fig. 8. Dependence of the log of the in- 
itial reaction rate of oxidation ata 
surface in the "stationary” state on 1/T | 
tionary activity on the log of the for different catalysts: 1) magnesiun- 


_ time: 1) magnesium-chrome catalyst, chrome catalyst, 2) magnesium-chrome + 


2) magnesium-chrome + 1% sodium sili- 1% sodium silicate, 3) magnesium-chrome 

cate, 3) + 2% sodium + “og, sodium silicate, }) 
. Silicate, 4) + + ection eilicate 
. Sodium silicate 


a's 
‘ 
. 


vhere to end ty are the tines, Ko is the. initial “rete, a coefficient, 
The coefficient a is calculated from the following eee : 


‘Ge 


here Ap is the change in pressure resulting fron the betatlon. . 


The values of the initial rates and heterogeneity sustain @ for Nene 
various catelysts are given,in ,Teble 2. 


As will be seen from the table, the initial TARLE 
rate, which corresponds to maximum activity, 
varies by a factor of 100. ‘On introducing the Initial Reaction Rates for the 
additive, the coefficient a at first falls Oxidation of Ethylene and Fete 
very sharply, and then rises slowly It is | .erogeneity Coefficients for 


interesting to note that variation in the ; ; Various Catalysts 
content of additive evidently leads to var- . 
iation in the extent to which chemisorption 
participates in the reaction of the oxida- 

. tion of ethylene. In Figure 7 are given the 

. results of the oxidation of ethylene at cat- 

alysts with various contents of additive in 
the so-called "stationary state" of activity 
(Figures 2 and 3). Even with such a change 
of surface, the initial rate. and a depend on 
the amount of additive. 


If the activation energy and pre-expon- 
ential factor are calculated from the initial : 
rates, then, as will be seen from Figures 8 and 9, the same sort of curve with a 
sharp maximum is obtained as was found for the oxidation of ethylene at catalysts 
with additives under dynamic conditions at atmospheric pressure The value of 


the activation energy varies by a factor of four with variation in mae content of 
additive in the — . 


1. A study has been nade of the oxidation reaction of ities at a magnes- 
ium-chrome catalyst with an addition of sodium silicate under 
under a pressure of up to 2 mm Eg. 


2. It is shown that the activity of the enkeliies varies owing to the simul- - 
taheous occurrence of two processes — oxidation and sorption of a component. “a 


. 3. The activity of the catalyst is maaan treatment of the surface with 
oxygen. 


4 Under dynamic conditions with a great excess of exyor, “the surface is 


continuously regenerated, and the activity of _ catalyst remains — over 


3 
eneity 
oeffi- 
ient 
(mn*) 
120 
010 . 
.050 


‘ 


5. In the oxidation of ethylene under - 
static conditions at catalysts with addie . 
tives, the characteristic peculiarities of 
the modification phenomenon, which we ob- 
‘served in our earlier dynamic experiments,: 

_ were observed egein. 
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Fig. 9. of the acti- 
vation energy and the logarithna - 
the content of additive for the 
oxidation of ethylene at catae .-.. 
lysts in the "stationary state”. 
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THE THEORY OF CHROMATOGRAPHY ON HETEROGENEOUS” SURFACES 


@ 


COMMUNICATION 1. DETERMINATION FROM DESORPTION CURVES OF THE FUNCTION. =<. 
EXPRESSING THE DISTRIBUTION WITH RESPECT TO THEIR HEATS 
OF ADSORPTION OF SITES ON A SOLIDSURFACB 


Recent work has shown clearly thet it is impossible to base the theory - 
of the adsorption of individual substances and mixtures on concepts that relate 
to a homogeneous surface. The development of the statistical theory of ad- 
sorption phenomena, which takes into account the presence on a solid surface 
of sites with widely varying adsorption and kinetic coefficients, has enabled. 
these difficulties to be largely eliminated. For low and medium site-occupa- 
tion, the. theory of Seeare surfaces is in good —— with experie 
mental results (1). 


The theory of ‘ceeiaaieaa separation processes » which were first 
discovered by Tsvet [2], can be constructed only with a knowledge of the. ‘ 
adsorption statistics; hence, in working out the theoretical basis of sep- .--. 
aration by edsorption it is-necessary to take the results of statistical: 
theory into account. This is particularly important in the region of low | 
site-occupation, 


As statistical analysis of the adsorption equilibria of individual 
substances shows, the character of the isotherms is determined by the sd- 
called distribution functions 9(Q), expressing distribution with respect to 
heats of edsorption of sites on the surface. For the adsorption of mixtures, . 
the character of the adsorption equilibrium at a heterogeneous surface is : 
determined by the form of the functional relationship between the heats of 
adsorption of the components of the mixture at the same sites [3], as well 
as by p(Q). In the present work, the possibility of applying relatively 
simple chromatographic to the determination of the 
tion function p(Q) has been investigated. 


 Accoraing to statistical theory, the process oceurring at an active 4 
surface is the overall result of the summation of a number of independent 
processes occurring on different sites. In many cases, summation may be. 
replaced by integration, If, for example, any property F(x) of the surface 
S depends on the variable x x, then, for a surface that is not homogeneous 


with respect to x, the valiie of the vr bi: is expressed by the 


Here p(x) is the distribution function for the surface s with sabia to or ae 


the variable x, or in other words, p (x) is the " " statistical weight* a 


| 
‘ t 


. 


placing x by 9 .in of we: obtains 


‘ ae bd 


gives the @ependence of F, the on x 


Knowing p(x) F(x) can n be calculated & surface, and, 
on the other hand, knowing the lew stain by F(x), the a funce 


tion p(x) may be found, 


. With regard to the of this $6 adsorption 
‘interesting integral property of a heterogeneous surface is the amount of 
adsorbed substance es a function of the concentrationd(c). The heat of - 
adsorption Q on separate sites on the surface is chosen as variable. Ree. Vat 


2. Bie) = 


Here f(c) ‘Seneeeents the isotherm for adsorption on a homogeneous surface; 

it is in its turn a function of the heat of adsorption @. 9(Q) is the dis- 
tribution function of surface sites with respect to heats of adsorption Q. 
Qo - Q) is the interval over which the heats of adsorption vary. The strict 
solution of the integral of Equation 2 generally presents considerable mathe- 
matical difficulties [5], but, as one of us has shown [1], when the interval 
over which the heats of adsorption vary is sufficiently wide, the solution of 
the integral of Equation 2 may be often es: ah with sufficient cates by 


bo is a constant in ‘the for the factor fn Langmuir 


- 


From Equation 3 a can be for determining the dis- 
tribution function p(Q) from a given adsorption isotherm$(c) for a hetero- 
geneous surface. For this —— it is sufficient to ee nn 3 


for the limit: 


- 


(4) 
‘Equation permits treatment of ‘the 
isotherm $(c) without previously determining its analytical expression. For 
this purpose it is sufficient to plot the experimental points in the co-or- —_ 
dinates (c) - Inc and to perform graphical differentiation. Concrete — 
examples of the analysis of experimental results on adsorption equilibria. 


with the aia of Equation hare “etven ine spectel 


In chromatographic practice, the determination of edsorption 
therms in the region of low saturation may present considerable difficulties. 
In such cases, Equation 4 cannot be used for determining p(Q): However, 
owing to definite resemblance of Equation 4 to the known funda 

mental equation of chromatography [6] the: function p(Q) can be readily «TS a 
from the desorption curves. The essence of the proposed method lies in the follow. i fos 
ing. The fundamental equation of chromatography [6] gives the following simple 
between the mein parameters of the . 


Vv 
o 


o 
ae 


Here, V is the volume of the solution that hes passeds x is the distance 

pig the beginning of the column, measured in the direction of flow; -. | 
¢ = ¢(x,V), the variable concentration of the substance being sorbed in - 

the columy $(c) is the value of the adsorption isotherm at concentration . 

¢3 M is the weight of a linear cm of sat won the column ™ of constant ; 


As is well known, 5 both to and 
desorption of the substance. When a slow stream (concentration of sorbate —" 
c) passes through a layer of carefully ground adsorbent, a sharp " front’? is 
formed. To the left of the front, the scrbent is saturated up to the value ~ ~~ 
O(co), determined by the initial concentration ¢o. To the right of the front, . 
the sorbent is completely free from sorbate. Thus, for adsorption fron a 
stream, Equation 5 leads to Shilov’s model (7] with en infinitely thin MWOr k= - 
ing layer’? , which, in absence of “wall® effects and !" protuberances” [8], 
lies perpendicular to the direction of flow. Strictly speaking, Equation _ 
5 is correct only when adsorption equilibrium is esteblished instantaneously --~ 
in the layer and when longitudinal diffusion can be neglected in comparison ~ 
with the transfer of substence by the moving stream. Of considerably greater 
interest is the use of Equation 5 for the dynamic desorption of a substance. 
from a layer by a non-sorbable gaseous or liquid carrier, As already show . 
[9], in this case the fore-front of the sorbed substance moves forward through . 
the layer without changing its sharpness, end the hind-front is gradually ee 
drawn out, its form and magnitude Getermined by the of 
Combining Equations and 5, >» we may greatly simplify the of 
p(Q). For this we shall write Equation 4 in the foilow- 


- 


Substituting in Equation . the value of from we obtain 


. 


ta : 
- q 


By using Equation 6, the problem of determining P(Q) amounts only to. 
the standard chromatographic measurement of the desorption curve ¢ = ¢(x,V) 
giving the relation between the concentration ¢ of the substance “in the 
liquid or gaseous carrier after passing through a sorbent layer of length % 
end the amount V of pure carrier entering the column during this time, = ; 
‘In Fig. 1, a typical desorption curve 48 represented atagremnatically. 
_ This curve will be described by Equation 5 if, in addition to the ee ; 
indicated above, the following conditions are 


1) éynenic is carried out by & non-poxbing 


2) the adsorption isotherm is convex to the exis of ordinates Mas: 
end has no points of inflection, 
In its first pert, the desorption curve ABCD is characterized <a the 
presence of the horizontal section AB at a distance of ¢ = ¢. from the V-axia, 
* where Co is the initial concentration of the adsorbate at which the leyer - 
becomes saturated. Beyond the horizontel section there is at first a fairly 
sharp fell in the effluent concentration, but later the rate of fall éc/aV ..- 
@iminishes considerably, particularly in regions of low concentration. It... 
will be seen from Fig. 1 that the distribution function p(Q), defined by 
Equation 6, is proportional to the area OGCE, which is shaded in the figure, 
end inversely proportional to the product 


The falling portion of the leuieetiee curve yields e stintinn methoa 
for constructing the graph of the function e(Q). For this purpose, the value 
of RT Incis taken as abscissa (it is proportional to the heat of adsorption 


Q}, and the value of Vc, proportional to the @istribution function PI), ? is 
teken as ordinate (Fig. 2).. 


te 


Fig.l. Determination of the distribu. . Fig2. 
tion function with respect to heats of graph for p(Q) in accordance 
adsorption for sites on.the- surface with the hocegion. curve 


~ 


Thus, when we have the desorption curve ¢ = (Vv), > we may nae” 
the graph p = e(Q) without having recourse to adsorption 


If the equation of the curve = ¢(V) is given’ in 


it form , then, jn accordance with Equation 6,- ‘there is no difficulty in 
. @etermining (2); and, on the other hand, if the is 


| 


then it is easy to find the desorption curve cuc(V¥). Let us examine, for , 
exemple, the frequently case distribution in WIth @ 


in ‘quatton 6 by its value from Equation 7, and d replocing 
according to a power lew, For exponential distribution 
where is the coefficient of non-uniformity, and we have 


In an analogous manner we hetame: the following equation for the desorption 


It is to note that when a tend to zero, doth the exponen. 
tial ond the power distributions go over into a uniform distributions. . 


for which the equation of the. desorption curve takes 7? the following sinple is es 3 


‘It ‘should be that over anges the distribution 
is often indistinguishable from the power distribution, and hence conclu-. 
sions concerning the character of the distribution made from the desorption ~~ -: 
curve may be made only when the range measured is 


‘ 


1. The effect of energetic Pir Sana of the surface on the We ae Se : 
and the form of the function expressing the distribution with respect to re a ee ee 
their heats of of sites on the surface has obtained. 


‘ 
ba 
‘ 
> 
| , 


3. A method 4s given for the constru atten of p(Q) from ial 
. curves without having to: adsorption’ measurenents, 
The of dcsorption curves for fundamental forme 
of distribution ere obtained, 


5. The limits and conditions of the propord method 
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THE: ‘THEORY ‘CHROMATOGRAPHY ON EBTEROGENEOUS SURFACES: 


DINAMICs OF THE ADSORPTION OF om. 


8. Roginsky end M. I. 


The of the edsorption of mixtures for of 

uration have been studied in a number of investigations [1,2,3]. The theo- 

“« vetical concepts of this field have recently been applied to chromatographic. ~-:.. Sis” 
adsorption enelysis, which wes discovered by Tsvet [4]. At the basis of the. 
so-called chromatogrephic frontal enalysis" lies the application of the Shie 
lov-Dubinin [6] “parallel transfer" principle to the case of the adsorption 
of mixtures conform to Langauir's is typical for eneP=. - 
getically homogeneous surfaces, 


The assumption of the energetic homogeneity of the surface of the - haat ee See 
adsorbent does not generally lead to great complications for medium degrees. ~~ +... 
of saturation, inasmuch es the Langmuir equation is a sufficiently good. 89 - s*. 
interpolation formula in this region. The picture changes sharply when we * 
go over to a low total saturation, for it is then impossible to have only — 


medium saturation © and medium desorption. b for all the 
faces of the adsorbent. ae 


The recent development of the statistical of 
and the eo yee of the conclusions from this theory to the adsorption of °° 


mixtures [ 8] permits the dynamics of the edsorption of at low 
uration to be analyzed in greater detail. 


- In the present work, which’ is based on the conclusion of nities - 
theory [7,8], en attempt is made to expose the typicel peculiarities of the 
of the adsorption of mixtures at a surface. 


Adsorption Equilibrtun 


In accordance with statistical theory, the dctnten of the ‘ieee’: 
tion equilibrium of e mixture of two substances at a heterogeneous surface’ 
is determined by the form of the functional relation between the heats of 
adsorption Q, and Qo of the eo of the mixtureon one type of site:- _ 

As we cannot go into detail concerning the dependence of this fime- ieee 
tional relationship on the nature of the edsorption forces, we will Silat es 
out. only the probability of the existence of three fundamental cases:. a ae sen 1h) 
symbathic relationship, an antisymbathic relationship, and absence of 
relationship between the heats of adsorption of the ‘components. ~ 


From the point of view of ‘the practical chromatographic of . 

liquid organic mixtures and gases, the case of a symbathic relationship ye eS. Sree 
‘between the heats of adsorption is the most interesting. Such a relation- Pee 


“* 
F 
© 
t 


result mainly from the ‘overation ‘of Sispersion folie. €.G., in the adsorption 
of mixtures of aliphatic hydrocarbons, of mixtures of inert gases, etc , when 
chromatographic separation, Owing to the closeness of the adsorption coeffic- 
fents, meets with perticularly great difficulty. The simplest example of the 


symbathic change of and Qo is case of wetucen the 
heats of 


*"" Jn the present work, we are confining ourselves to the enelysis of ‘thie 
one simple case, which is often met in practice, — : 


4 
In Fig. 1 is shown the graph used in statistical (8) analyz- 
' ing the equilibrium of a mixture of two substances. Along the axis of abscissas, 
the heat of adsorption of one of the components, e.g., Qi, is ee, eee. ies 
{ the other axis the following quantities: 
| e (9), the function expressing the distribu- - 
tion with respect to their heats of adsorption Q, of 
| 
i 
{ 
i 
| 
| 
| 


sites on the surface. This quantity is determined “Gs 


by the fraction of the surface occupied by sites 


having heats of adsorption lying within the limits 
to + dQ. 


ba, the desorption coefficient of the first 
substance. 


bo, the desorption coefficient of the’sec- 
ond substance. 


é 


The relations between the  nelintins coef- 
ficients and the heat of are 
the following Fig. 1. Initial graph for 

Q ‘the analysis of the adsorp- 
ee (3) tion equilibria of a mix. 
end -Q/Rr ture of two 
be = booe (3a) 

The desorption coefficients by and bo are numerically equal to ‘te concen- 
trations c, and co at which, in absence of cther substances, half the surface is. 
occupied (6 = 0.5). Hence, along the ordinate axis in Fig. 1, we may give also 
values of the concentrations c, and co. It follows from the above that from the 
intersections of the b1(Qi) and ba(Q,) with the straight lines c, = const, and 
C2 = const.we may determine the heats of adsorption Q', and Q's of the corres- 
ponding groups of sites on the surface of the adsorbent, half of which is filled by 


sorbate. In view of the steep exponential. relationship between the saturation 


© and the heat of adsorption Q, it may be assumed that on the distribution graph 
p(Q), to the left of Q: (by >c,) the surface is practically free from the first 


Substance (0, 0), and to the right of (bi it is fully (9.1). 
Analogous considerations apply for substance 2: 


to the left of (be > ce) and 
to the right of Q'Y (bo < co) and 1. 
When adsorption from a mixture is characterized fight’ for the surface, 


the ratio of the fractions of the surface the 
_bermined by the ratios and co/ba: 


I 
=. 
= 
3 ~ 


From Equation 4 4t will be seen that there 4s & possibility of a “ conside 


erable preponderance of one of the gases on h certain, sites of the —— om 
even over the whole eurface. . 


This is shown in Fig. 2, in which are as not 


dents and the ratio ¢o/c,. The abscissa of the intersection 
of the straight line co/c, = const.with the curve bo/b:(Q:) is the limit to the 
left of which the surface is practically completely occupied by substance 1 ana - 


to the right of - by substance 2. is found fron the 
equations 


The ordinate of the point of inter 


section of the straight line Qj = const 
with the curve b)(Q.) permits 
tion of the extent of the adsorption of 
the components on the basis of the ade. 
sorption of the 


The value of cr may be found, also analytically, from the equations: 


1. 


Dynamics of Adsorption 


“We will examine the movement of the mixture through 4 proven of alien. 
Pssuming instantaneous establishment of equilibrium at each point of the layer ~ 
And neglecting the effect of diffusion along the direction of the stream in 

omparison with the velocity of the stream. This leads to the diagram shown . 
in Fig. 3 [1,2,3). 


Two sorption waves move through the Sales ‘The first substance, which 

HS sorbed less readily than the second, moves with the greater velocity. The 
movement of the adsorption wave of the more readily sorbing substance 2 is - 
pccompanied by partial desorption of the less readily sorbing substance 1,. 
And, for this reason, the concentration c',-of this substance in the first- 
ave is higher than the influx concentration cf. The distribution of ad- ‘ 
Borbed substances corresponding to Fig. 3 is shown diagrammatically in Fig.4. 
eeparate sections of the distribution curve and also the concentration c’, of 


a, b2, Cr, Co, and e(Q), but also'the ratio of the desorption coeffics 


stances: 


ig. 2. Determination of the distribu- . 253 
ation of two substances when the heats 
of adsorption are symbathically related 


i 
. 
ON SS~ . 
SSS 
- 3 
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substance J in the first sorption wave can be calculated for the case of symbathie 
cally related heats of adsorption in the following manner, We start from the ade ° 
sorption isotherus for the components of the mixture (Equations 6 end 7). aie 


We will suppose that a certain volume Vo of gaseous carrier containing the 
sorbates in concentration'c,; and c$ is passed through the charge. The width 
Xp of the zone in which both substances are adsorbed is determined by the fol. 
lowing obvious relationship, which is valid so long as the amount of substance 
contained in the space not occupied by adsorbent is — 
“ 


Fig.3. Distribution of concentrations Fig.4. Distribution of the adsorbed 
along the length of the layer (adsorp- substances over the length of the 
tion dynamics of a mixture. of two ayer” for ce 

stances for to < ca) 


fa! or its value Equation we obtain 


The of 1 sorbed in xe is in the follow. 
Mx, = fi(c?, c2) (9b) 
We substitute the value of £1 fron Bjuation 6 and the of ‘Xe 
equation 9a in equation 9b: 


The quantity Mx1x5 of substance 1 adsorbed in the first lite wave ‘te deter= 
mined by taking the difference between the total amount m, asiciiatind the ee in 
volume Vo and the amount on the x2t 


Hence we can define the width of the zone in which holy 1 is ad- 
sorbed without admixture of substance 2: Be 


| 
| j 
{ 
| | | 


Here, f1(ct) represents the adsorption of substance 1 in the first adsorption 
_wave corresponding to concentration ch.. The of zone is 

On the other hand, for the rate of movement of the first sorption wave we may Nh See 2 


the R.H. of 9f ona we obtain the ‘folowing for the con- 


centration ct of the less readily sorbing substance 1 in the first 

cb = cP + of 


= = e 10a 
From Equation 10 it will be seen that the concentration ci of substance 1 
in the first wave is greater then the sum of the influx concentrations cf + c2. 


The a is the of of the first, 
readily sorbing’ ‘substance by the second from the surface of the adsorbent. Be= .~ 
_low, we shall show the effect of external: 
. parameters (total concentration. c = cf + 
ratio of initial concentrations c2/c? and . 
temperature T) on the value of the ais- : 
placement coefficient. 


For the case considered, Fig. 5 shows” 
the "effluent curve", which gives the | 
* relation between the volume V of the 
ee carrier that is passed through and the _—ses«i 
Fig..5. Effluent curve (adsorption effluent concentrations cf and cS. The °°". 


dynamics of a mixture of two sub- value V, on this curve, which corresponds 


— 


‘to the volume for which a layer of length x has Myorked off" the first, less readily | 
gording substance, may be from equations and 96 by replacing by 


or 


~ 


The value Vo on the effluent curve (Fig. 5), 


at 


which to the 


" passage of the second, more readily adsorbed substauce beyond the layer x, ~~" 
_ ean be calculated from Rquation 9a by replacing xo by xe : 


Toles) 


‘We will now examine in greater Getetl the — of external parenoters 


on the dynamics of adsorption, 


Effect of the Sum of the Influx = cP + & 


Let us turn agein to the initial graph (Fig. 


lows that the character of the adsorption isotherm depends greatly on the rela-. ° 


1). From this graph it fol- 


tive disposition of the limits Qt and Qj]. So long as the ~composition of the 
original mixture does not change, the Limit Qi also remains unchanged. As the 
total concentration is diminished, with c8/cf = const, the region occupied ob, 


the first gas will be gradually diminished. When 
times, where c] is determined by Equation 8, the 


the mixture is diluted c2/cy . 
first substance practically 


ceases to be adsorbed, and —_ oaeneee 2 will be on = surface of the adsorb- 


ent, consequently: 

fi(cf, 
and 
fo(c?, = fe(c8). 


: 
(5a) 


The isotherms 15 and 15a lead to the peculiar picture of the aynanice of 


adsorption represented in Fig. 6.. 


Two sorption waves move through the layer of sorbent. The less readily i 


sorbing substance 1 is completely absent from the 
second sorption wave. The movement of this wave 


is accompanied by complete desorption of the =: 
less readily sorbing substance 1, and consequent-: 
ly the concentration c? of this substance in the » 


first sorption wave may be considerably greater 
than the original concentration ec. The distri- 

' bution of sorbed substances over the length of 
the layer up to the moment when a volume Vo has 
been passed through the charge is determined in 
the following manner: the width xz of the zone 
in which only substance 2 is adsorbed is deter- / 
mined the 


Fig. 6. Distribution of the ~ 
adsorbed substances over the 
length of the layer for c2 > ¢, 


. x 1 a 
The region 92 which 1 is ported found from folowing” 


The total length of the leyer, sa over vhich substance 1 is renoved is. given. 


On the other the of the first wave is evidently given 
by the equations 


Bquating R.H.S. of Buations 16a and we obtain 


whence - 


¢ 

22 

‘ In this case, the ilies coefficient is defined as the ratio of the amount 

m of substance 1 sorbed per unit length in the first sorption wave to the correse - 

value for substance @ in the second waves 


en 

£2(c2). 
The effluent curve then has the form shown in Fig. 7. The value of Vy on the ; 
effluent curve is determined from equations 16f and 16e by replacing Vo by Vis 


The value of V2, which corresponds to the appearance of substance 2 beyond the 
layer x of is from Equation 16a by Xa by xs 


Coubining equations. 18> end 18a with 16f we obteine 


Equation 19 permits the initial concentration ce? to be determined from ‘the con- Co. . 
_Centration c',, which is taken from the experimentally found effluent curve. 
The same curve enables V, end Ve to be determined, 
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ideas: we have concerning, the ‘effect of the sum of the influx 
concentrations Ge Cl + cs for ‘constant c2/c% are of fundamental importance for 
chromatographic | practice. In fact, it is quite obviovs that it is preferable to 
work according to the scheme represented in Fig. 6 than eccording to that of 
Fig. 4, for in the first case full separation into the components’ is attained 
already in the process“of “compusing" the’ chromatogram, and*there is no need 
for the complex process of ‘dynamic’ desorption ("development!! of the chromatogram) 
that is usually applied in-chromatography. The following is a practical conclue . 
sion considerations: vefore proceeding to the dynamic. 
sorption of a mixture of ‘two substances having initial concentrations of ec? and. 
it is necessary to dilute with an inert carrier by times, where 
cf is determined by Equation 8, : 


It shovld be emphasized that inte to = 
the steep exponential form of the relation 
between the © and the heat of 
adsorption the transition from scheme 
to scheme and back is very sudden; the 
quantity is a sort of "critical" factor | pistes 


that completely determines the character a whe 

For cf Sci the adsorption dynamics Fig. 7. Effluent curve (adsorption 

follow the scheme of Fig. 4 ; dynamic of a mixture of two sub- 
For c2< cy’ the adsorption for c2 > C1 


follow the scheme of Fig.” 6. 


Effect of the Rati of 3 Influx Concentrations: 


- 


The relative composition of the mixture cz 2/2 determines the position of the 
internal boundary Qf (Fig. 1). If the influx concentration c? is constant, then 
increase in the concentration ¢c8 of the second substance leads to gradval 
predominance in the adsorbed phase. At a certain value (co/ci) = it? determined 
from the - Ser 


the character of ‘the dynemic adsorption process changes sharply: - 
for Q§< Qi the adsorption dynamics follow the scheme of Fig. 6; 
for Qf > Qi the adsorption follow scheme of 


In with statistical theory of temperature moves 
the curves b)(Q,:) and b2(Q2) downwards and to the left, in the direction of 
lower values of Q. At the same time, the boundaries of Qi (Fig. 1), separating 
the empty from the occupfed regions, become sharper. When tne concentration co 
of substance 1 is constant, the boundary Q, is — aced by en amount — fe 
tonal: to the in temperatures 


The for the of the internal boundary of the two occu- 
zones is easily obtained by suitable of 


| 
| 
a | 
4 
| 


” 


It follows from Equetion: 21 that the logerithm of the critical of 
concentrations at which’ the sharp’transition occurs from predominance at 


adsorbent surface of the first substance to predominance of the oom is Fae fies: 


versely proportional to the absolute temperature. 


In other- words, ,lowering of temperature at-constant: com sition’ ‘cafe: 


leads: to a sharp transition from the dynamics scheme of Fig. 4 to the echens 


shown in Fig. 6, even when the initial concentration ratio is unfavorable for ott 


seperation. - 


e. 


Thus, the of ‘the is very sensitive. to ten. 

at T< ‘the process goes to scheme 
at T ses the process goes according to scheme 


The from one scheme of dynamic adsorption to: another 


is characteristic only for en energetically heterogeneous surface. It is. 

easy to show that in the case of the adsorption of mixtures that obey Lange - 
muir's equation, which is typical for an energetically homogeneous surface, * 
variations in the total and relative concentrations and in the temperature . 
lead only to a ‘gradual, smooth variation in the relative degrees of saturation 
of the surface by the components. As is well known, for the adsorption of ° 


mixtures according to Langnuir'’s equation the fractional saturations. of 


stances 1 = 2 are by the 


~ 


and 


For low saturation + < 1,end Equations 22a and 22b then lead to 


i.e. at low saturation the RP ahd of the components is not sensitive to the °°. 


total concentration ¢ = ¢, + ¢o and to the relative concentration Cofer. It 
follows from Equation 22 that.the ratio of the fractional saturations of the 
two components on a homogeneous surface is given by 
. Q)-Cs a: He 
A-2 Qo Co by ~ _ &2 boa (ea - 
Owing to the of the difference - Qs, 6, changes emcothly 
with change in ¢,/c2, without producing a sudden predominance of one of the 


components at definite critical values of ¢,/ce It follows from Equation 22° tee 


that change in the temperature T also leads to smooth change in 61/023 conse- | 


jQuently, the phenomenon of a "critical temperature” which is charec= 


mteristic for a heterogeneous surface, is now absent. 


tions the rus to be are of the dynamics of the adsorption is that 


Hence, for a homogeneous surface in the region of 
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partly effected, In a‘ large*number: of experimental researches into the low-tem- 
perature fractional desorption of mixtures ‘of A, Kr, and Xe [9] and of hydro. 
carbon mixtures [10] the exceptional sensitivity of the separation process to the 
values of the total and relative. concentrations of the components and to the . 

- temperature of desorption was established, It was esteblished-that for certain 

total and relative concentrations separation is’ possible, but for others it is 

not. Lowering of temperature hase marked effect on the efficiency: ‘above a 

certain temperature, separation is impossible. These facts, and also the sen- 

sitivity that has been remarked in this work of the separation process to the 

order in which the components are introduced into the adsorption vessel, may 

{ be readily explained within the framework of the ey of = at ine 
homogeneous surfaces. 


The problem of the of the ‘adsorption of at 
surfaces is closely connected with the dynamics of the desorption of mixtures, 
which play a great role in chromatographic analysis. This question has a os 
interest of its own and will be exemined in another paper. 


SUMMARY = - 
On the basis of statistical theory the following results have been obtained: 

1. The effect of the heterogeneity of the adsorbent on the Sees of ™ 
adsorption of a mixture of two substances hes been investigated. 


. 2. It has been shown that there is a possibility of sudden transitions 


from one course of dynamic adsorption to another at definite critical values 
of c, and T. 


3. The conditions required for complete separation of a ens mixture 
at a heterogeneous surface have been established. 


The ideas that have been brought forward are primarily ttilinshhen for the 

dynamics of the adsorption of mixtures at low saturations of the sertisiatia for 

which ee is most strongly marked. > 
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NEW METHOD OF SYNTHESIZING CHLORIDES . 


0. Vv. Kh. ‘Fretazing, and * Reoneyanow 


. 


aa 


yocoutiy, the known of the type has been’ 
triethoxytitanium chloride, prepared by the action of acetyl:chloride on ethyl 
orthotitanate [1]. We have shown that triethoxytitanium chloride is obtained : 
smoothly by the interaction of equimolecular quantities of pyridine hydrochlor-. - 
ide and ethyl orthotitanate in a medium of benzene at 60-70" [2]. This obser... 
vation permitted us to develop a method of direct syntheeis of triethoxytiteaniun. 
chloride by the reaction of TICl, with ethanol in presence of pyridine in ben- . 
zene medium. At the same time, ethyl orthotitanate and pyridine hydrochloride . 
are formed, end in the subsequent heating of the reaction mixture these form ~~ -- 
triethoxytiteniun chloride according to the equat tionss 


(CoHs0) + CsHSN- HC1 + CoH50H + 

‘In this way, triethoxytitaniun chloride became a readily accessible ‘nb. - 
stance [2]. However, this method does not appear to be a general one; attempts 
at preparing the triallyloxy- and tri-n-butoxytitanium chlorides and other such. 

‘ compounds were not successful [2]. Only the attempt to prepare tri-n-propoxyti- — 

tanium chloride by treating n-propyl orthotitanate with 
was successful [3]. 


We considered that it might be to preperé trialkoxytitaniua 
chlorides by transesterification (alcoholysis) of the accessible aw cone 
pound 7 the action of alcohols according to the schemes 


(C2H#s0)3 TIC] + 3ROH =* (RO)s TICl + 


The replacement of the lest Cl in (CoH50) 3TiC1- by an alkoxy group by the - 
action of an alcohol must be very difficult, for it is known that in dichloro- . -_ 
dialkoxytitaniums the further replacement of chlorine by alkoxy groups by the 
action of alcohols does not take place even with prolonged heating [1]. The 
application of the transesterification reaction to triethoxytitanium chloride 
met with difficulties, for it was found that under the required conditions re-~° 
placement of chlorine by elkoxy occurs. Since trialkoxytitanium chlorides ana .~ 
alkyl orthotitanates containing the same alkoxy groups boil at similar tempere- 
tures, it was not found possible to separate them by distillation. Nevertheless, 
it was established by special experiments that even in the case of the higher _ 
alcohols, which distill off at a higher temperature, the of ad 
(AlkO)sTiC1 by an alkoxy group goes extremely slowly. 


Thus, when 10 g of tri-n-hexyloxytitanium chloride is penn with 50 nl- 
of n-hexyl alcohol and the latter Slowly distilled off, then HCl can be dee... 
tected in the distillate, but even after repeating this procedure ten times, 
using 500 ml of n-hexyl alcohol, the reaction does not go to completion. If, 
however, in the above-described experiment triethoxytitanium chloride and © ~~ 
ethyl alcohol are taken, then in the first 50 ml of the distillate no trace of”. 
HCl can be detected, and with further. distillation only traces of chlorine can _ 
be detected in the distillate. In contrast with this extremely slow reaction, 
the transesterification reaction proceeds very rapidly. Hence, by observing | 
definite it was found possible prepare various trialkoxytitentun 
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practically free’ fron with the alkyl ortho. 
t4teanates. These conditions ‘comprise the conducting of the transesterification 
' . process et as low a temperature as possible and, in the case of the higher alco- — 
_+ ‘hols, also without continual addition of fresh portions‘of alcohol and, conse. 
‘. quently, without their subsequent distillation. According to our observations, & 
two-fold excess of at of the is suffice 


distillate fox chlorine content or by introducing a‘solution'of AgNOg in absolute 
alcohol in the receiver prior to the experiment, If HCl makes its appearance in 
the distillate, it is necessary to carry on distilling off the alcohol in a vacue 
um at a lower temperature. These precautions are particularly necessary when ~ 
conducting transesterification with high-boiling alcohols. By this method we 
have succeeded in preparing the previously unknown tri-n-butoxy-, tri-isobutoxy-, 


titanium chlorides 


All the obtained, with the of 
chloride, are colorless, transparent, viscous, hygroscopic liquids that may be ~ 
distilled in a vacuum. The viscosity of the chlorides falls with increase in their 
moleculer weight. Tri-B-chloroecthoxytitanium chloride, both crude and doubly sae 
distilled, is an extremely viscous (at room temperature) bleck mass |. ~_ 


Thus, the proposed method is sufficiently general, and it is simple to carry 
out. The transesterification reaction requires very little time end — en ale 


All the experiments belies were with 


starting substances and under conditions that prevented the admittance of moisture 


‘Preparation of Tri. Chioride 


A mixture of triethoxytitanium chloride (10 g = 0.046 mole) and sted alco- - 
hol (25 g = 0.28 mole) was intrcduced into a Claisen flask connected to condenser 
and receiver. The apparatus was protected from the moisture of the air by a drying 
system. The reaction mixture was heated on an oil bath Ata bath temperature of. 
140-150° a mixture of ethyl and isoanyl alcohols distilled off (b.p. .78-122°, 6.2g). 
When the temperature of the vapor reached 122°, the reaction mixture was cooled and 
further isoamyl alcohol (10 g) was added Distillation of the alcohol mixture . 
then proceeded until the boiling point of isoamyl alcohol was reached; tuis indi- | 
cated the end of the reaction. The excess of isoamyl alcohol was driven off in a 
vacuum. The product, which remained in the flask after driving off the oo : 


was distilled over at 174-175° at 2 13.4 &; to 


On allowing the product to steni, a of crystals “On 
the assumption that these crystals consisted of a double compound of tri-isoamyl 
oxytitanium chloride and isoamyl alcohol, we heated the product in a vacuum (2 hr, _ 
190-210°, 40 mm) in order to break up the double compound. During this time only — 
a few drops of liquid distilled over The product was then distilled twice in 
vacuo from a Favorsky flask. The tri-isoamyloxytitanium chloride pee is a . 


colorless viscous hygroscopic liquid, boiling at 173.5-173°-at 2 mm: — 


A : 
. 


Found 52.01) 52.15) 9.98) 9.70} 38.05 


ee: 


"the reaction between 10 g of ttethoxytitentum chloride and 25 g of ethylene’ 
chiorhydrin was carried out as in the previous experiment A mixture of alcohols, _. 
boiling from 78 to 90°, was driven off, the bath temperature being 150°. The reo ~~ 
action mixture was cooled, and, after adding 10g. of ethylene chlorhydrin, Gige . + 
tillation was continued, the distillate being almost pure ethylene chlorhydrin,. = - = 
The excess of ethylene chlorhydrin was driven off in a vacuum. The residue dige °° 22. 
tilled at 175-180° eat 1.5 mm. Yield 10 g, corresponding to 67% of theoretical.” -s:. fy. 
Part of the product polymerized during distillation and trenained in the distiline a ae 
tion flask as a black powders this explains the relatively low yield of product. 3 
On distilling e second time, the substance boiled at 194-196° at 2 mm. The doubly a ana 
distilled product, as also the crude material, black hygroe 


H 3. 895 5.84; TH 1.29; 


$: C 22. 
Cc 22 


Preparation of Chloride 


The reaction between 8 g of trietboxytitentun chloride 20 of 
alcohol was carried out as in the previous experiments. A mixture of alcohols,- . ee 
boiling from 100 to 113° was driven off, the bath temperature being 140°. After - _-s 
cooling the reaction mixture, n-butyl alcohol (12 g) was added, and distillation -- 
was continued. Almost pure n-butyl alcohol passed over, and the remainder was _ : 
removed in a vacuum. The residue distilled at 145-148° at 2mm. Yield 10¢,..7- | 
corresponding to 90% of theoretical. On distilling a second time, the product: ~ .- 
boiled at 154-155° 2 chloride obtained is a colorless viscous hygro- 


Found C 48.06; 98; HO. 03; 9.11; Ti 16.10; 15. 
Calculated %: C 47. 615 993 Ti 15.82 


Triethoxytitanium chloride (8. 8 g) and isobutyl alcohol a) were “heated 
in ea Claisen flask with condenser on an oil bath. The receiver contained a a 
amount of a solution of AgNOs in absolute alcohol. At a bath temperature of 120°, 
@ mixture of alcohols started to come over, The first 10 ml of distillate con- ‘3. 
tained only traces of chlorine, and then a further 10 ml was distilled over, dnd _ ~ 
this showed a definite reaction for chlorine. The alcohol mixture and the excess 
isobutyl alcohol were then driven off at 48 mm. The residue distilled at 125-195.5° | ae 
at 2mm. Yield 9.7 g, corresponding to 90% of the theoretical. On distilling a __ ede Six: 
second time the product all came over at 147-148° at 5 mm. The tri-isobutoxyti- .-  [ ) 


40; 22,28; 


comparatively Liquid; n 1450505 1.0039 


Found %: C 40. 86; 40.925 H 8.11; 8.05; Ti 13.81) 13.71 
8101. Calculated C “1. 093 H 7.763 ‘Tt 13. 66. . 


 BUMMARY 


. according to the equation: 


(4-C,H50)sTiC1, b.p. 147 - 148°/5 
d.p. 162 - 162.5°/1 m 
(CLCHSCH20)sTiCl, dep. 194 - 196°/2 on. 


Found 4: 0 68; i 9.08; 9.13) 15.553 15. 


The reaction between 10.3 g of triethoxytitaniun chloride end 25 g of 
n-hexyl alcohol was carried out as in the previous experiment. At e bath tem. 
perature of 150°, practically pure ethyl alcohol distilled over, When 5.1 ¢ of 
alcohol had distilled over (theoretical 6.4 g), distillation was continued at 

4 mm to complete reaction and to remove excess of n-butyl alcohol. Both dis- 
tillates gave positive reactions for chlorine. If distilletion of the elcohols 
is carried out under more severe conditions, and fresh portions of alcohol ere 
successively added, as usual for transesterification reactions, then appreciable 
amounts of n-hexyl orthotitanate are formed, and it is difficult to remove these, 
owing to thecloseness of the boiling points of the two reaction products. The 
residue efter removing excess n-hexyl alcohol distilled at 195-196° at 2 m. 
Yield 17.7 g, corresponding to 97% of theoretical. On distilling a second time, 
‘the product boiled at 182-162.5° at 1 ma, This chloride is a slightly yellowish, 


Found te C 56.30; 56. is H 10. 28; 10.31; Ti 12.12; 
Calculated %: 55.88; H 10.16; Ti 12.38 


Preparation. of Chloride 


- The experiment was conducted as indicated for the synthesis of tri- 
isobutoxytitanitm chloride. From a mixture: of 10.7 6 of triethoxy~ 
titanium chloride and 25 g of ethyl céllosolve, 15 ml of alcohol mixture was 
distilled off. The distillate gave a reaction for chlorine. Further distillation 
of the mixture of alcohols and the excess of ethyl cellosolve was carried out at 
The doubly distilled product boiled at 162-183° at 1 m; 

1.2055. The yield is almost quantitative. 


Anew method is proposed for the synthesis of trialkoxytitentum 
ides by transesterification of the readily chloride 


(no) + 


2. The following previously | unknown trialkoxytitentun chlorides have been 


sTiC1 b.p. 182 - 183°/. 


‘ bd 
5 
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STEREOISOMERIC SODIUM ENOLATES 


A. Nesneyenov, B.A. Sazonova, and E. I, Vasiiyeva 
Like phenylmagnesium bromide and phenyl-lithium 
benzene medium combines with benzylideneacetylmesitylene in the l,keposition, 
forming a sodium enolate corresponding to the enol form of B,B-diphenylpropionyle. _- 2 
mesitylene.. On benzoylating with benzoyl chloride, an enol-benzoate is formed, -*.: | > * 
mp. 162°, Comparison of the yields in the 1,4-eddition reaction and the bene 
zoylation leads to the conclusion that the whole of the sodium enolate is present “© - -j ~*~ 
in only one configuration, and the same conclusion is reached from the fairly 
high purity of the crude enol-benzoate obtained and from the impossibility of - 
separating an isomeric 0-benzoate from the benzoylation product. It is extremely 
probable that, as in the case of the 1, 4~addition of phenyl-lithium and phenyl: - : 
magnesium bromide, the configuration of the sodium enolate obtained in this ie Rone, 
(we shall call it enolate I) is in accord with the — oa ee <a 


” 


Addition of the molecule CeHsM (M metal) take place 
in such a way that the resulting benzhydryl and OM groups are in the cis positions 
to one another. The methoxymethylation of this enolate gives one of the two pos- 
sible methoxymethyl O-derivatives, namely the liquid that is obtained from the 
1,4-addition ee of phenyl-lithiun, and at the same time a C-methoxymethyl - 
derivative, m.p. 154-155°, is formed. Thus, simultaneous reaction of the sodium - 
enolate at O and at C is occurring. 


The stereoisomeric sodium enolate (enolate II) can be obtained by the ee 
enolization of diphenylpropionylmesitylene by means of triphenylmethylsodiun, - .. 
Together with enolate II, a small amount’of enolate I is formed. Thus, the © - 
enolization of diphenylpropionylmesitylene by triphenylmethylsodium occurs with — 
the formation both of enolate I and of enolate II, the rate of formation of the 
latter being evidently considerably higher than the rate of formation of pie 
I. On benzoylation with benzoyl chloride it gives mainly an enol-benzoate of. 

m.p. 144°, Methoxymethylation leads to an O0-derivative of m.p. 92-95°, 
isomeric with the previous one, and at-the same time it gives the same C-methoxy-.” 


methyl derivative, m.p. 15h. Here egain we ces a sodium enolate that reacts -. 
in two ways at O and at C, . 


. 
‘ 


Enolate II, although not of in (~'5¢) or - 
ether (~ 84) even at room temperature, is much less soluble than enolate I” 
and is therefore relatively readily separated in the solid state. It crystel- 
lizes without solvent (benzene). It can be prepared in a pure form by heating 
eholate I on a boiling water-bath for 1-2 hrs until as much @s possible of the © 
_ benzene present has been removed and then adding petroleum ether, which leads” 
in the course of a day to the crystallizing-out of enolate II. 
pure enolate II gives only the benzoate of m.p. whe, oe 


Thus, there are two steroisomeric Na derivatives of aiphenylpropionyl- ~~ 
mesitylene, each of which gives only one of the two stereoisomeric benzoates 
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of the enol form of diphenylpropionylmesitylene, It therefore follows that Enole 
-ates I and II are real enolates. With respect to benzoylation and methoxymethylatio 
reactions, they behave like the previously described Li- and MgBr-enolates of die 
phenylpropionylmesitylene. Nevertheless, there are differences; these concern the 
considerably greater ease of the interconvertibility of the two sodium enoleates. As 
stated above, Enolate I is converted into Enolate II on heating on a water bath, 
Under the same conditions Enolate II is partly converted into Bnolate I, the ree 
action evidently tending to an equilibrium with a predominance of Enolate II. For 
this reason, all the above-described reactions of benzoylation and methoxymethyle 
ation were carried out at room temperature, at which no appreciable stereochemical 
conversion was to be observed; in any case, the rates of formation and of benzoyl-~ 
ation of the sodium enolates formed in the two series of experiments are considere 
ably greater than the rates of the cis-trans conversions. 


It may be considered that the Na enolate Gissociates on heating into 


and that the stereoisomerization of the ‘enolate proceeds through the fonization 
stage. 


It is | to note that in of metallic the rate of 
the conversion of Enolate I into Enolate II is reduced. Whether the cause for _ 
this is the opposed conversion of Enolate II into Enolate I under the action of 
the alkali metal (which is generally characteristic for cis-trans isomers), to 
which reference has been made previously, at present remains unexplained, in as 
much as Enolaté II, on heating, is partly converted into Enolate I. Thus, the 
sodium enolates are considerably more labile than the lithium and particularly the 

. Magnesium enolates, which, of course, is not at all unexpected, it 
considerably more difficult to obtain reliable results. 


‘Nevertheless, the fact of obtaining a definite enol-benzoate (or acini 

methyl derivative) by the benzoylation (or methoxymethylation) at room temperature 

- of a definite stereoisomer of the enolate shows without doubt that these reactions 
proceed with non-ionized sodium enolates, for there would otherwise be obtained, 

in each case, either the same mixture of stereoisomers or just one stereoisomer — 
the more stable. The quaternary ammonium enolates behave in this way, =— is 

shown in the previous and in the present work. 


: Thus, also in the case of sodium enolates must the iaiectenei that explains 
the dual (at C and at 0) reactivity by the reaction of a mesomeric anion be 
considered to be invalid. Also invalid, of course, is = suggestion that tauto- 
meric conversion (reversible tsoner tention) 


is the cause of the dual reactivity of sodium enolates. If this were true under 
the conditiocs of the reactions studied, then equilibrium would be established in 
accordance with these equations (1 ard 2), and benzoylation (and methoxymethyla- 
tion) would lead to the same mixture of products whether Enolate I or Exolate II 
were employed. It is clear that the reagent did rot act on a system in which an 
equilibrium had been established. In just the same way, it cannot be supposed 
that appreciable conversion of enolate into the keto form could occur in the 
reactions studied (C-methoxymethylation), to say nothing of the attaining of 
an equilibrium, and at the same time no conversion of the keto form into *e 
‘the: stereoisomeric enolate (presence in the benzoylation or methoxymethyl- 
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ation products of one stereoisomer of ‘the enol ‘Ie, indeed, 
for one moment we assume the formtiona@ the keto form, then evidently, under .',,'”.. 

the conditions of the equilibrium that would be assumed in this case, the enol’ 
forms would predominate, and the rate of keto-enol conversion would be greater’ ~ ... 
than that of the reverse reaction, Thus, if the keto form were formed, the 
second enol form would be produced in great quantity and, under the conditions. < .-°: 
of the experiment, would be found in the form of esters or ethers, This cone, - ..* ° 
clusion is in accord with the of acetoacetic ester in. 
aqueous alkaline medium [3]. - 

and is contradictory to the usual concepts, that first of all a sodivm fon @ise-:  ,! 

sociates, and then a slow isomerization (electrono-isomerization) of the enion~. Snel Ge 


and finally reaction occurs at the C aton. If under ‘the conditions of the ~~ =. -°. 
reaction of a ketone-anion of this sort were formed, then there would be no - 9 *-. 
reason why electrono-isomerization at et least the same rate should not occur’ = <i: 
into the stereoisomeric enolate anion, the presence of which — revealed hae 
by the benzoylation or methoxymethylation, : 


‘Thus, replacement of the Na cation by the Celis (CHa) alt cation (which is 
known to be incapabie of being covalently bound and is certain, therefore, to: 4 
form an ionic system) in Na enolates I and II and subsequent benzoylation leads * 

in both cases to a mixture of stereoisomeric enol-benzoates. If the enolate ~* .-. 
(after replacing the Na cation by CeHs(CHs)sN* ) is methoxymethylated, then again’. 
a mixture of stereoisomeric O-derivatives is formed; at the same time, the am-’ 

monium enolate,~in contrast with the Na enolate, does not give e C-derivative. - -: 
The alkylation and: acylation of the ammonium enolates of 
be the subject of a future investigation. : 


Thus; the most natural concept concerning the cause of the dual reactivity “SSE 
(at 0 and at C) of metal enolates still remains, in our opinion, after consider=- .° ‘ . 
ing the results of experiments with sodium enolates, the concept that we have 
brought forward concerning the transfer of the reactive center of the molecule 
along the of conjugated end 


When an at c, the of the 

future covalent bond is called away from the. oxygen to the carbon, as shown . © °--: 
by the arrows. In our opinion, the picture as a whole becomes quite convince... ies 
ing on comparing our results on magnesium, lithiun, sodium and ammonium es: md 


At first glance, the unexpected orientation (from the point of view of: '- 
our hypothesis) of the ee of an ammonium enolate (as distinct’ ae 


« 


tion of the MgBr enolate) melts without depression. 


from MgBr, L4, and Na enolates): only onto 0 merits attention, An interesting 
parallel is the'O-acectylation of acetoacetic ester in pyridine, Discussion of 
this question would be aveereens for there are too few data, but we peat to - 


In connection with our pen series of oeneinbein, the ee question 
arises concerning the character of the dual (keto and enol) reactivities of keto 
and enol compounds, We suppose that in a large number of cases in which keto 
compounds react in enol-fashion (and enols in keto-fashion) the reaction pro- 
ceeds with transfer of the reactive center without preliminary tautomeric 
change, This concerns, above ell, cases of so-called oe 


EXPERIMENTAL” 


I. Addition of Phenylsodium to 


Benzylideneacetylmesitylene (3 g) in absolute benzene (10 mI) is added to 


phenylsodium, obtained from 1 g (0.0043 E-ston) of sodium and 2.25 (0. C2 mole) 


of chlorobenzene, 


After being heated for 30 min. at 30-10°, the enolate peaetiien is filter- 
ed from excess sodium and NaCl and titrated. The benzene solution (23 mls . 
0.0077 g Na in 1 ml) is decomposed end washed with water; the benzene is driven 
off, and absolute alcohol is added to the TORE 


Yield of 1.9 (75% of theoretical); 


m.p. 78-79°. After two crystallizations from alcohol: m.p. 80-81°. Mixed 


test with known diphenylpropionylmesitylene melts without Gepression, © 


Benzoylation of the Na Enolate? Produced ty the of 
Fhenylsodiun to Benzylideneacetylmesitylene 


Benzoyl chloride (0.94 g) in absolute benzene (2 ml) is added to 22 ml of 
a@ sOlution of Na enolate I (0.CO70 g Na per ml). The reaction mixture is de- 
composed by water, the benzene layer is washed with water, the benzene is driven 
off, and acetone is added to the residue. The crystals that separate are fil- 


tered off and washed with acetone. Yield of enol-benzoate: 2.37 & (80% of 


theor.); m.p. 156-157° (before recryst.). After recrystallization from acetone: 
m.p. 161-162°. Mixed test with benzoate of m.p. 162° (prepared by the benzoyla- 


III. Heating (80°) of Na Enolate I 


1. Without metallit sodium. A benzene solution of I (oh wl; 
0.0071 g Na per ml) was boiled for 1.5 hr and then benzoylated. The reaction 
mixture was decomposed with water, the benzene was evaporated off, and acetone 


was added to the residue. The enol-benzoate isolate (0.9 g: 284 of theor.) 


melts at 158-160° (not recryst). From the acetone solution a mixture of enol- 


‘benzoates (1.42 g: 444 of theor.; m.p, 122-123°) was obtained; from this en ~ 


enol-benzoate of m.p. (0.27 g: 8% of was separated 
after recrystallizing twice fren acetone 


= 


v This Na enolate will be called in future Na enolate Bod and the Asomeric 
enolate, Na II. 
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renence of metallic sodiun, Metallic~sodium (0.15°@) 
edged to 22 ml of a benzene solution of Ne enolate I, and the mixture was ‘4::26, °°. 
heated at 80 deg for 1.5 hr. After benzoylation and suitable treatment, es Me Sees co : 
described in the previous experiment, sn enol-benzoate (1.458, 494% of theor.) 
of mp. 156-158° (after .recrystallization 159-160") anda mixture of “penzontes (0.7 gs 
of theor.) were obtained by fractional crystallization of the mixture an > 
enol-benzoate (0.15 g: 5% of theor. ) of after double : 


methyl ether (2.4 gs: 100% in benzene (2 al) 
is added to 35 ml of a-benzene solution of. enolate I (0.0095 g Na 
The reaction mixture is decomposed with.an equeous solution of caustic soda, - ~- << Ses 
the benzene layer is washed with water, the benzene is evaporated off. The e ee 
cipitated crystals are filtered from the ofl and washed with petroleum ether a eee 
Yield of C-nethoxymethyl derivative: 2.26 ¢ (424 of theor.); m.p. 151-152°. 
M.p. after recrystallization from methyLalcohol: 154~-155°. . Mixed test: with 
known sample showed no depression of m.p. Data in literature: n.p. 
(Kohler [5]; Nesmeyanov and Sazonova [2]). 


eveporating off the petrolews ether, the oil was distilled 
vacuum: b.p. 215-217°, 2.5 mm. Yield of the O0-methoxymethyl derivative of . | ~ aes 
aiphenylpropionyimesitylene 1.84 g (344% of theor.). On introducing nucleh = 
of solid 0-derivative, did not set in, Data in 


v. Hydrolysis of the Liguia vethoxymethy? Derivative 


The derivative of 
(0.59 g) was boiled with 10 ml conc, HCl for 1 hr. (after boiling for a few 
minutes the equeous solution gives a reaction with fuchsin-sulfurous ecid); 

The mixture was diluted with water, the oil extracted with ether, and the ether 
driven off. M.p,after recrysteallization from alcohol; 80°. Yield of ee 
diphenylpropionylmesitylene: quantitative. After repeated 
mp. 81-82°, . Mixed with known sample showed no depression. 


React ice of Na Enolete I with trinethy phenylamontug 


Benzenesulfonate 


A benzene solution of Na enolate I (29 ml; 0. 0070. 
Na per is divided into two parts. To one is added 
benzenesulfonate (2.7 g: 100% excess). Each portion is stirred at room ae aeaat 


a) From. the portion without ammonium salt ml of solution} 
the following were separated after benzoylation: 1.47 g (79% of theor. ) of enol- Se 
benzoate, which after recrystallization from acetone has m.p. 161-162° 
cryst: 195-156") » and 0. 02 g of a mixture of enol-benzoates, m.Py 123-127°. ae-3 


‘ 


b) The portion with ammonium salt (15 ml of enolate ‘solution) was treated > ; 
in the following way. The precipitate was filtered off, carefully washed with , — oe 
benzene, ried in a stream of dry nitrogen, and ‘analyzed for" ‘Mas 


rf 
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This to the presence in the precipitate of sodtun 
as result of double decomposition of the ealte;: 
The filtrate wos’ benzoylated and there were obtained as products: 0 33 
(16% of theor.’} enol-benzoate of 154-155°, melting, after recrystallizatiog 
‘ from acetone, at 161°, and 0.72 g (37% of theor,) of a mixture of ‘enol-benzoateg 
of m.p. 122-125°, from’ oe by fractional crystallization, an enol-benzoate of 
m.p. 140-141° (0.14 g: 7% of theor.) was separated. After recrystallization _ 
from acetone the m.p. of “the substance obtained and the mixed m.p,. of a mixed | 
test with a known sample was 143-144°, On hydrolyzing the mixture of enol- 
122-125°), was obtained in 
yte1a* 


excess) is added to ie ml of a benzene gplution of Na enolate I (0.017 g-aton 
Na per ml). The reaction mixture is stirred for 2.5 hr at room temperature, 
then chlorowethyl methyl ether (13.6 g: 100% excess) in 20 ml of absolute benzen 
is added, end the mixture is allowed to stand for 1 hr. After decomposition wit 
aqueous alkali, washing the benzene layer with water, and evaporation of the 
benzene, no C-derivative was obtained. A s0lid O-derivative (2.0 g) of mp. 81° 
was separated from the ofl. After the O-derivative had been recrystallized frou 
alcohol, it melted at 90°, both _— and when in admixture with a known sample, 
Yield 1.8 g (20% of theor.). 


“The of] that had not crystallized was vacuum-distilled: b.p. 018-200°/ 3 
é Yield of liquid O-derivative, stereoisomeric with the one: 5. g (56 
of theor.). 


VII. Enol ization of by 
Phenylsodium, end Subsequent Benzoylstion 


1) 8, 8-Diphenylpropionylmesitylene (2 g) in 10 ml of absolute is 
edded to phenylsodium prepared from 0.7 g (0.03 g-atom) of sodium and 1.37 g 
(0.012 mole) of chlorobenzene. The reaction mixture is warmed for 30 min., afte] 
which time an addition is made of 2.14 g of benzoyl chloride, The mixture is de 
composed with water, the benzene layer is washed, the benzene is driven off, and 
acetone is added to the residue. The crystals are filtered off and. washed with 
acetone. A mixture of the cis and trans isomeric enol-benzoates, mp. 123-126°, 
is obtained. Yield 1.95 g (75% of theor.). M.p. unchanged by recrystallization. 
Found © $6.08, 85.04; 6.75, 6.67. 

CsiHoe02. Calculated %: C 86. 073 H 6.52. 

A benzoate of m.p: 160-161° (0: g) anda of m.p: (0.2 g 
vere isolated from the mixture obtained. 
2) Hydrolysis of-the mixture of benzoates: the mixture cf benzoates of m.p 
123-126° (1 g) was boiled for 30 min. with an alcoholic solution containing 0.2 
of <austic soda, and the mixture was then diluted with water, the oil was extrac 
with benzene, the benzene solution was washed with water, and the benzene was evé 
orated off. Absolute alcohol. was added to the residve and the crystals that sepa 
rated were filtered off; m.p. 80- 61°. ‘Yield of 


: VIII. Enolization of 8, B-Diphenylpro by 
Metallic Sodium, and Subsequent Benzoylation 
Diphenylpropionylmesitylene (1 g) in 10 ml of absolute on was botlea 


with 0.15 g of metallic sodium for 2 hr, and benzoyl chloride (0. 35 8) was then 
added (solution first poured off metallic sodium), — 


ane +) The benzoate of m.p. 162° is not converted into a mixture of cis and trans isd 
meric enol benzoates under the action of trimethylphenylammonium benzenesulfonate 


- 


q 

| 

i 

; 
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The sveaction naixiure was with wates, the toluene was wachod with 
water, and the toluene wes evaporated off, The crystals that separated after add~ 
ing acetone were filtered off and washed with acetone. The products obtained were 
0.22 g (17% of theor,) of en enol-benzoate of m.p.-154-156°, recryst. mp. 160-161°, 
and 0,26 g of a mixture ce? enol-benzoates, m.p. 124-126°, from which, by fractional 
erystallizetion, an enol-tenzoate of.m.p, 140-141 (0.07 g: 5% of theor.) wes sep- 
arated — m.p. after two recrystallizetions144°, The total yield of enol-benzoates . 


IX. Conversicn of into 
Enolate. I t+ the Action of Phenvlsodium, end Sutsequent 

Ber.zoyletiont 


. 


a-Bromo-f8, B-diphenylpropionylmesitylene (3 g) in-30 ml of absolute benzene 

is added to phenylsodiuz prepared from 0.85 g (0.037°g-atom) of sodium and 1.67 g 
(0.015 mole) of chlorotenzene, After heating for 1 hr at 40-50°, benzoyl chloride - 
(2.6 g) is added, and the mixture is heated for a further half hour, The seper- 
‘ation of the benzoate is Eescribed ebove; m.p. 155-157° (not recryst.). Yield 

1.35 g (42% of theor.). After recrystallizing twice from ecetone, m.p. 162°. 


- 


X._ Enolizetion of by means of 
Trivhenylretnylsodiun 


1) Benzoyletion, 3,3-Diphenylpropionylmesitylene (1.2 g) is added to 45 
ml of an ethereal solution of triphenylmethylsodium containing 0.022 g of z 
(CeFs)sCNa per mls; then benzoyl chloride (0.51 g) is added. -The mixture is de- 
composed with water, the ethereal solution is washed, and the ether is evaporated 
off. The crystals that separate efter adding acetone are filtered off and washed 
with acetone. An enol-venzoate (0.95 g: 60% of theor.) of m.p. 134-136° is ob- 
tained, After recrystellizing from acetone it melts at 143-144°, both alone and 
in admixture with known material, After removing triphenylmethane from the mother 
liquor, a mixture of enol-denzoates (0.25 g). of mp. 124-125° was separated. 


B,B-Diphenylpropionylmesitylene 
ml of an ethereal solution of triphenylmethylsodium (0,055 
& per til); chloromethyl =ethyl ether (1.2 g: 100% excess) is then added. The } 
mixture is decomposed with en aqueous solution of. caustic soda, the ethereal layer 
is washed with water, the ether is distilled off, and petroleum ether is added to 
the residue. The crystsls thet separate are filtered off and recrystallized from 
methanol. The C-methoxymethyl derivative, m.p. 153-154°, is obtained. Yield 1.2 
g (47% of theor.): a mixed test with known C-derivative gave no depression of. m.p. 
After evaporating off the petroleum ether, the residue was recrystallized from 
benzene, m.p. 91-92°, Mixed test with triphenylmethane melted at 31-92°. 


The O-methoxymethyl Gerivative of dipnhenylpropionylmesitylene (0.2 g: 84, 
of theor.) wes separated from the filtrate after removal of benzene. The m.p. 
after recrystallizaticn from methanol was 92-93°. A mixed test with known O- 
derivative showed no depression of m.p. A mixed test with triphenylmethane gave 
_ ™.p. 67-70°. Data from literature: -m.p. 92° [5], 92-95° [2]. 
XI. Fydrolvsis of the Solid O-Methoxymethyl Derivative 


This substance (0.50 g) was boiled with 8 ml of conc. HCl for 1 hr (the 
aqueous solution gives, efter a few minutes’ boiling, a reaction with fuchsin- 
sulfurous acid). The reaction mixture was diluted with water, tne oil was ex- 
tracted with ether, the ether was evaporated off, and the residue was recrystal- 
%) In the case of the =2mmesium derivative of diphenylpropionylmesitylene, this 
method yields MgBr enolete II [4%]. 


from absolute 61-82°, of eigheny 
0 (96% of theor.). eros 


XII. Isolation of Na Eno} ete II, Its Properties,” 


The benzene s0lution ‘of Na I, obtained by adding to ben 


- gylideneacetylmesitylene, is filtered from. Na and NaCl, The benzene is driven off 


and the residue is heated for 2 hr on a boiling water-bath (Na enolate I is con- 
verted by heat into Na enolate II); petroleum ether is then added, and the solutio 
is left for 24 hr for the crystallization of Na enolate II to occur, The precipi-§ 
tated crystuls are filtered off, washed 4 times with petroleum _—* and dried by 
the re passage’ of a stream of pure dry nitrogen. 


‘Na enolate II is in the form of crystals of a slightly air Scie. It is 
fairly soluble in ether (8 g in 100 m1 of ether at aathe y rather less in Lapemenad 
© g in 100 a of benzene at 20°). 


Found Na 6. 68; 6.55 
2) Na enolate IT- (0.39 g) was decomposed with water, ‘the oft was extracted 
with benzene, and the benzene was evaporated off, Absolute alcohol was added to 
the residue. Yield of B,B-diphenylpropionylmesitylene 0.34 g (954 of theor. ) 3 
79-80°, After two recrystallizations from alcohol m.p. 81-82° 


2) Benzoylation. Enolate II (0. 846 g) and avisolute benzene (5 m1) were 
mixed for 1 hr at room temperature (for better dissolution), ard then benzoyl 


chloride (0.34 g) was added, After the usual treatment the enol-benzoate (0.719 &: 


6% of theory) of m.p. was recrystallizing twice from 
acetone, it melted at 144-145°, 


3) Conversion of Na enolate IT into Na enolate I. Na enolate II (0.282 g) 
in 5 ml benzene was boiled for 1.5 hr and then benzoylated. A mixture of enol- 
benzoates (0. 230 g: 72% of theor.) was obtained, and from these an ‘enol-benzoate 
03 g: 9% of theor.) “of m.p. 159-160° (recryst. 160-161° separated. 


XIII. Reaction of Na Enolate IT with Trimethyl phenylerioniy 
Benzenesulfonate 


. Na enolate II (1.364 g) and trimethylphenylammoniun benzenesulfonate 
(2. 5 g: 100% excess) were stirred in benzene for 1 hr at room temperature. 
After Seleeyiatine, a mixture of enol-benzoates (1.C357 g: 62% of theor.) was ob- 
tained, and from this an enol-benzoate (0.28 g: 16% of theor.) of mp. 157-158° 
(double recryst: 160-161°) and an enol-benzoate (0. 12 g: 7% of theor.).of n.p. 
140-141° were isolated; the latter, after eicasenaueed twice from acetone gave 
mp. anda mixed m.De of 2) 


SUMMARY 


1. It has been shown, on the basis of B,B-diphenylpropionylmesitylene as 
example, that the sodium derivatives of ketc compounds exist in two cis - trans 
stereoisomeric forms, and that they sre therefore enolates. 


3) 1-Benzoylatioz of Na erolate (blank experiment), see Expt. 2; the 
benzoate of mp. 144° when submitted to the action of tripherylmethylammonium 


benzenesulfonate is not converted under the same conditions vaceak & mixture of 
cis and trans isomeric 
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2. On denzoylating the stereoisomeric Na enolates at room temperature, 
corresponding stereoisomeric enol-benzoates are formed, On methoxymethylating, 
they give the corresponding stereoisomeric 0-methoxyme thy 
with one form only of C-methoxymethyl derivative, - 


3, On replacing Na by (CHg)sCoHsN*, the stereoisomers, instead of ‘shia 
differently, react in identical fashion (with benzoyl chloride and chloronethy..” 
methyl ether)... Also, C-methoxymethyl derivative is not formed, 


It has been shown that the sodium enolates are considerably more 
than the lithium and, particularly, the magnesium enolates, which were studfe@ 
previously. Thus, on heating, the sodium enoletes are mutually Giving 
@ mixture in which the more stable enolate predominates, he 


5, As in the case of the Li and MeBr enolates, the ts reached that--* 
the dual reactivity (alkyletion or acylation on 0 and on C) of Na enolates is, ia: rape 
the first place, not due to the reversible isomerization (tautomerizetion) a nee 
these enolates into a keto form conteining a C-metal bond end, in the second place, 
not due to the presence of en ionic structure in these enolstes end to ome FEACos- . 
tivity in the mesomeric fon... Sa 


6. The hypothesis previously Yorwara the of the ree 
active center of the molecule along a system of conjugated (Na - O end C=C) aay 
bonds as the cause die the dual seca (at O and at C) of metal enolates is. 
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SXNTHESIS OF ISOKAZOLES FROM KETONES" 


starting material for the synthesis of various heterocyclic compounds, including .- 
methylisoxazole,. On the basis of this reaction we have developed a new. general 
method for the synthesis of alkylisoxazoles, which have until now been practically 
unstudied owing to their ina ecessibility.. 


The reaction of alkyl B-chlorovinyl ketones, which are readily prepared by ; 
the method described by us in conjunction with Rybinskaya [2], with hydroxylamine ~-.- 
hydrochloride is most conveniently carried out in methanol, although other solve eet 
ents, such es acetic acid, may be used, The lower alkylisoxezoles (methyl- and ° 


ethyl- ) are appreciably voletile in alcohol vapor and are soluble in water, end | 
therefore in separating them from the reaction mixture we made use of the ability | 
of isoxazoles to give crystalline complexes with cadmium chloride [3]; using ee 
these complexes, we séparated them in much the same way as we have described for  ~ 

~ methylisoxazole [1]. On the other hand, the higher homologs are of low solubility | 
in water, and their separetion can be carried out without difficulty by the usual “ 
method, We heave prepared by the method and 
isobutylisoxezoles with yields of 60.70%, | 
i 
i 
‘ 
| 
| 
! 


On treating our methylisoxazole with sodiun tn following - 
Claisen [4], cyenoacetone was separated in the form of its sodium salts 1% was ° ; 
identified by conversion into the phenylhydrazone, This proves the presence of 
a-methylisoxazole in the substance that we obtained. From the reaction mixture), 
after removing the sodium salt of cyanoacetone, we isolated pure Y-methylisoxa-  _ 
zole, Using the procedure developed by Claisen [4], we determined the content of . 
a~isomer in the alxylisoxazoles that we obtained (from the weight of the salt of 


the corresponding cyanoketone that was separated); it varied from 60 to 68%, 


Thus, it was shown that the alkylisoxazoles that we . were mixtures of ¥ — Bide 
and 


The question of the mechanism of the simultaneous formation of the two isomers. 
was not specially investigated by us...It is most probable: that the formation = a. 
of isomers is about two reactions; 
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However, another possibility is not altogether excluded, namely that alkyl 
B-chlorovinyl ketone at first goes over into some sort of intermediate compound, 
which then gives a- end ¥-isomers simultaneously, The intermediete compound f 
could be either the so-called "sesquioxime™, which has been shown [5] to be 

formed intermediately in the synthesis of isoxazoles from hydroxymethylene ketones, 


or the acetal of a f-ketoaldehyde, which, as shown by us and Rybinskaya [6], is 
readily formed by the action of alcohol on a B-chlorovinyl ketone; in our case, 
- alcohol was used as solvent, 


_ By using the method we have developed for the synthesis of isoxazoles, we 
were able to obtain, apart from alkylisoxazoles, previously inaccessible isoxa- 
zoles containing halogen in the side-chain. For this purpose we used the reaction 
of chloromethyl B-chlorovinyl ketone with hydroxylamine, and obtained as a result 
chloromethylisoxazole. The procedure for the synthesis of chloromethyl B-chioro- 
vinyl ketone from chloroacetyl chloride, given by English authors [7], was in- 
proved by us, and the yield of chloromethyl f-chlorovinyl ketone was raised to 804, 
This compound by reaction with hydroxylamine under the usual conditions gives 
chloromethylisoxezole with a yield of 6%. It was found, unexpectedly, that the 
substance obtained was not split with sodium alkoxide, which points to the absence 
therein of a-isomer and gives us the right to regard it as pure Y¥-chloromethyliso- 
xazole, This compound is very interesting in connection with the synthesis of 
completely inaccessible isoxazole derivatives, which have recently assumed prac- 
tical importence as physiologically active substances. As was to be expected, the 
Cl atom in ¥ -chloromethylisoxazole is very readily replaced by nucleophilic groups. 
Thus, reaction with NaBr and NaI leads to bromo- and fodo-methylisoxazole, and 
reaction with NaCN in alcohol gives 3-isoxazole-acetonitrile, whi 
- starting material for further interesting syntheses; 


ch can act as 


where X = Br, I, or CH. 


All the newly prepared representatives of the isoxazole class are mobile 
liquids of characteristic odor, Alkylisoxazoles very slowly darken on storing. 
In the calculation of the molecular refractions of the compounds prepared we used 
Auwers' data [8], but in all cases obtained low values in comparison with the cal- 
culeted values, This shows that the increment recommended by Auwers for nitrogen 
in the isoxazole ring (3.901) is not satisfactory and requires revision, In fact, 
the mean departure for the isoxazoles prepared by us and also for the previously 
known representatives of this series, which were used by Auwers for his calcula- 
tions, is 1.19. Auwers assumes for the nitrogen increment of isoxazoles the value 
" for aliphatic oximes, and the departure of the values found from the calculated 

values he regards as "negative exaltation”, Such a point of view is hardly valid. 


2. 98°. 


. 
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to aromatic compounds, which may be illustrated, for example, by the ease of elece —. 
trophilic substitution reactions, It is quite natural, therefore, that en atom of: . 
nitrogen, when contained in the isoxazole system, should.acquire e quite different .* 
character, sharply differentiated from the character of a nitrogen atom in an alie .':, 
phatic oxine, The calculations we have made show that more satisfactory agreement ~~ 
is obtained between the values for the molecular refractions of isoxazcles when the - 

-value of the is to be that of the of a 


Aluminum chloride (180.0 g) is added gradually over 1 hour with ‘energetie.:* 
stirring to 113.0 g of chloroacetyl chloride, and acetylene is passed in a repid ioe 22 ee 
stream for 6 hours; the temperature of the reaction mass is mainteined at 29-53" 6 AR sie SS 
The reaction mass is poured on to ice and extracted with ethers; the extract is- el : 
dried over calcium chlorides the solvent is driven off, and the residue is vacuums * oe 
distilled, the fraction boiling at 62-65° at 8-10 mm being collected. Yield 87.7 g ee 
(84% of theoretical, calculated on aluminum chloride, 65% of theoretical, calcule- ===: - 
ted on chloroacetyl chloride), The pure substance has b.p. mm 
mm, in literature; (7]): 71-74° /10 (9] /12 mn).. 


B-chlorovinyl ketone (24.0 g) is added to a of 5. 
hydroxylemine hydrochloride in 200 ml of methanol, and the mixture is heated for _ 
3 hours on a water-bath. A saturated aqueous solution of cadmium chloride (80 g) Pk. oa 
is then added to the hot mixture, and the mixture is then again heated to boiling * oy 
and left to stand overnight, The precipitate of the complex is filtered off, . & 
washed with a solution of cadmium chloride, transferred wet to a Wurtz flask, end’. 
there decomposed by heat. The distillate is saturated with sodium sulfate, the 
oily layer of methylisoxazole is separated, and the aqueous layer is extracted ~. 
with ether. The extract, united with the main portion of the substance, is dried - 
over megnesium sulfate, the ether is driven off, and the residue is distilled from | 
a Favorsky flask with a good fractionating column, Yield 11.2 g (58.4% of theo- 
retical). After a distillation the substance has the following 
118-122°; 43° 1.0283; nj° 1.4380; found MRp 21.21; for C4HsONF calculated 

MRp (according to 22.45; 3 calculated MRp (nitrogen | increment 2 
in literature [8]; c-methylisoxazole 122°; 42° 1. 0235 =D” 1 
methylisoxazole, b.p. 63° 1,022; 1.435). 


Found 57.84; 57.763 H 6.20; 6.10; N17. 005. 16.95; 
C4H50N. Calculated C 57.653 N 


Methylisoxazole is a colorless mobile ofl with an odor reminiscent of that of ; 


pyridine, It is feirly soluble * = It may be preserved for a long period ~ 


Treatment of soxasole with Sodiue Ethoxide 


Methylisoxazole (10.0 g) is treated in the cold with a solution of ‘celta 5 ag ce 
ethoxide prepared by dissolving 2.5 g of sodium in 50 ml of alcohols absolute” . “a 
ether (40 ml) is then added. After 1 hour the precipitated sodium salt of cyand-.. . | -” 
acetone is filtered off; the filtrate is neutralized with hydrochloric acid to” - : 
phenolphthalein and extracted with ether, The ether is driven off, and a satu- . 
rated aqueous solution of cadmium chloride sesh added to the repsom. _After 2 
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hours, the precipitate of the complex is filtered off and decomposed by heat, 
while still in the wet condition, in a Wurtz flask, The distillate is extracted 
with ether, the extract is dried over megnesium sulfate, and the ether is driven J 
off, On distilling the residue, ¥-methylisoxazole (2.3 g) wes obtained; it gave 

on treatment with sodium ethoxide. The substance has 118°; 


acetic acid and phenylhydrazine was added; the precipitate formed was filtered 
off and, after recrystallization from alcohol, was obtained as colorless crystals 


m.p. 100° (data in the literature for the en of re (5) 
m.p. 101-102°; [10] m.p. 95-97°). 


isoxazole 4,008 g of the sodium salt of cyanoacetone was rae pirrenoaieng 
to a content in the mixture of 684 G—isomer. 


from 5.6 g of hydroxylamine hydrochloride and 9.2 g of ethyl B-chlorovinyl ketone 
in 70 ml of methanol. Yield 4.55 g (60% of cn guage After redistilling 
the ethylisoxazole had the following b.p. 139-140°; aZ° o, nge 
1.4440; found MRp 26.02; for CsH7CNF calguiated MRp to Aux -. 5) 27. 07} 
calculated MRp (nitrogen increment 2. 84) 26.01. 


may be preserved a long time without change. After treating 0.931 g of the sub- 


stance as described under Section III, 0.682 g of precipitate was obtained, cor- 
resyontiing to an a-isomer of 59.7h. 


Propyl B-chlorovinyl ketone (9.6 g) was added to a a of 6.0 g of 
hydroxylamine hydrochloride in 70 ml of methanol, and the mixture was heated on 
the water-bath for 3 hours. ; 
was added, and the oil that separated was extracted several times with ether. 
The extract was dried over magnesium sulfate, the ether was driven off, and-.the 
residue was vacuum-distilled, Yield 5.8 g (73% of 
distillation, the er 3% had the following constants: b.p. 160-161°; 69-70°, 
35 mm; 44° 0.9722; 1.4468; found MRp 30.26; for calculated 
(according to “huvers) 31. 69; calculated MRp (nitrogen increment 30.63. 


; ‘ Propylisoxazole is a colorless ofl with a cheracteristic odor; it is insol- 
uble 


stance with sodium ethoxide, as indicated in Section III, 1.656 g of —— 
is obtained, “copnagentiong to an a-isomer content of 67.2%. 


and 10.0 g isobutyl B-chlorovinyl ketone in 100 ml. of 


1. 435, 


A amount of the salt of was dissolved in aqueous 


The same experiment was carried out quantitatively: 620 g of methyl- 


This was prepared and isolated analogously to methylisoxazole (Section my 


Ethylisoxazole is a colorless ofl with an odor veniitincent of pyridine, It 


- 


To this, on cooling, four tines its volume of water 


After repeated 


Found 12. 393 12. ed 
CeHoON. Calculated 4: N 12,60 


- 


in water. It slowly darkens on keeping. After treating 2.059 ¢g of the subd- 


This was and isolated as indicated in Section V from 5. g of hydrox 


. 
. 
ie 


Yield 6,0¢ (70%0f After the 
_ had the following constants; b.p. 168-169°3 4%° 0.9450, n2° 1.44803 found. 
MRy 35. h6s for C7H,,0NIF calculated (according to | 


3 


Isobuitylisoxazole is a colorless with & charéctertstic odor. “It ‘ts ‘insole 
uble -in water. It slowly darkens ‘on keeping. 


This wes ‘ceoniiies and isolated as indicated in Section V from 12.0 g of ae Sete. 
hydroxylamine hydrochloride end 19.4 g of chloromethyl B-chlorovinyl ketone :* 
100 mt of methanol, Yield 13.8 g (8% of theoretical), After redistilling, the 
substance had the following constants: d.p. 65-66° at 20 mn; 49-50° at 7-mn5-, 

1.27453 nf? 1.4810; found 26.28; C,H,0NC1L: calculated MRp (according. 
to Auwers) 27. 325 calculated MRp (nitrogen increment 2. 26 : 


Chloromethy? isoxazole 4s a colorless ofl, insoluble in weber. “It possessed: 
lachrymatory properties, On treating the substence with sodium ethoxide, a pre- 
cipitate was obtained only efter 2k and this consisted of sodium. 
chloride, 


3..Chloromethylisoxezole (5.2 g) was added dropwise with 
to a hot solution cf sodium bromide (10.0 g) in aqueous methanol, and the mixture’ ~ 
vas boiled for 2 hours, The precipitate of sodium chloride was filtered off, ~ 
cetone was added to the filtrate until it clouded, and the mixture was warmed: a 
pore a further 1 hour, The mixture, after cooling, was diluted with four times dts — . 
' volume of water, the ofl that seperated was extracted with ether, the extract was _ 
dried over magnesium sulfate, the ether was driven off, and the residue was vace 
uum-distilled, Yield 5.1 g (71% of theoretical). After redistilling the sub-.-° 


stance has the following constants: b.p. 58-60° at 7 mms 1. 


Bronomethylisoxezole is a colorless heavy © oil with a sharp odor 
matory it is stable. 


(5.1 g) was added to a solution of 11.0 & of 
iodide in 40 ml of dry ecetone, and the reaction mixture was allowed to stand in —° { - 
the dark for 4 hours, The precipitate of sodium chloride was filtered off (weight ‘*' -' 
2.38 g; eccording to theory: 2.59 g), end the filtrate was diluted with three -. ‘ 
times its volume of water. The heavy oil that.came out was separated, washed with. 
a thiosulfate solution, end dried over calcium chloride in the dark, Yield of 
crude product 8,3 g (92% of theoretical). For purification purposes, the sub. - eae 
stance —— distilled only in small portions; it then has the following con- a 
stants; b.p. at 1-2 mn; nj? 1.5700. 


. 
= 
» 
F 
. 
: 


Storing. 


. 


(9.0 g) in 30 mi of elcchol was added to a hot solu- 
tion of sodium cyanide (12,0 g) in 5 ml of water, end the mixture was heated on 
the water bath for 2 hours, The mixture, after cooling, was diluted with three 
times its volume of water and repeatedly extracted with ether, The extract was 
dried over magnesium sulfate, the ether was driven off, and the residue was vace 
uum-distilled. Yield 2.8 g (344 of fter ted distillation, 
hed the “constants: b.p. 91-92" at 4 i. 
Tl. 
Found N 26, 20 


3.Isoxazole-ecetonitrile is a colorless liquid of characteristic otor, 


‘Alkylisoxezoles are prepared by the reaction ketones 


with hydroxylamine. This reaction can be us ed eB a preparative method for sm 
thesizing isoxazoles. 


bd 


2. It is show that the substances ee ote mixtures of the isomeric _ 
and ¥ -alkylisoxazoles,. 


3.. It is shown that the chlorine atom in 3-chloronethylisoxezole is very 
readily replaces and may be exchanged for at ealanhi end the cyanide group. 


MLV. Lomonosov State May 22, 3921, 
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SYNTHESIS OF "AROMATIC. OMFOUNDS 


A method has been developed by one of us in conjunction with A. N. Nesmeyanov eet 
for the synthesis of aromatic organo-mercury compounds by the reaction of potas~ eis 
siun with mercuric chloride in acetone uediun 


+ Helle ArHgCl + No + C02 + KCl 
“In the work, this is to the of organo. 
antimony cémpounds, 


~ 


It was found that react readily with antimony trichloride in 

the. cold, both in ethyl acetate and in acetone, giving the corresponding organo- 
antimony compounds, These were formed, for example, by the reaction of antimony 

trichloride with the potassium salts of phenylazoformic, p-tolylazoformic, p-bromo- 

phenylazoformic, p-nitrophenylazoformic, and B-naphthylazoformic acids. In the 

reaction of potassium 2,4,6-tribromophenylazoformate with antimony trichloride 

only 1,3,5-tribromobenzene is formed, and the monopotassium salt of p-sulfophenyl- ° - 

azoformic acid does not react at all with antimony trichloride... The separation of - 

the organo-antimony compounds formed was effected by converting them into the cor= - —- 

responding oxides and arylstibonic | acids, The results are given in Table 1, . 


It will be seen from Table 1 that the total yield of organo-antinony compounds. 
is fairly high, The main reaction products are aromatic stiboso compounds (gener= 
ally ‘prepared by the decomposition of the double diazonium salts [2]) and aryl- 
stibonic acids (generally prepared by the Bart-Schmidt reaction [3)). In certain : 
cases (Experiments 1 and 4) double diezonium salts are formed also. 


The formation of aromatic stiboso compounds probably proceeds as sistiidin: - 


- 


In the of aryistibonic acias, as also in the Bart-Schmiat reaction, 
antimony changes its valency (from three to five), In view of the fact that in. 
several of the reactions we investigated May's salts were isolated, it may be sup-. 


posed that the formation of arylstibonic acids may proceed ee the. double dia~ ; 
zoni t : 


e %e 
@ 


. 


ArSbCl, ArSbO(OH)2. 


‘ 
2 
i 
i 


exgetically in the cold with to 


ene 
‘ 
. 
¢ 


products (% 
[Double — 


Reaction 


+ C02 + KCl, 


N 
However, this 


Reaction of Arylazocarboxylates with Antimony Trichloride 
No. Arylformate 
SdCls 
1 | ch 
16-18 | 120 | 50 | 11.5 hh 
3 16-18 |50 | 50.7 .|- 
4 16-18 120 | 50 53.8 10.3 
16-18 |120 | 50 - 
The mechanism of the formation of the double diazonium salts”) was investigated 
We found that antimony pentachloride, like the trichloride, reacts en- 


in detail. 


giving the double diezonium 16% yield. 
In connection with this, the Suggestion wa made that the ilies of May's 
salt in the reaction of potassium phenylazoformate with antimony trichloride may be 
suggestion was found to be incorrect,for antimony trichloride that had been distilled 


associated with the presence in the latter of antimony pentachloride, 
over metallic antimony (and was consequently free from SbCls) gave May's salt. 
in the reaction with with same yield as that 


‘SbCls. 
‘The following scheme: 
SbCls 


+)It should be noted that in the reaction of potassium arjlazofornates vith mer, 
chloride no. double diazonium salts are 


104 


*. 
| 
| 
. 


‘ 
. 


was also on the’ grounds thet in’ the reaction investiented no trace of care. 


The further was ‘ade that the formation of ‘salts 


is associated with the reduction of antimony trichloride to —a * lower val<" 
ency (in particular, to metallic antimony): 


. 


. such mechanism is contradicted by, the non-formation of metallic 
antimony in the reactions investigated. 


“In further investigations it was remarked that the oxygen ae the air tekes * 

part in the process of the formation of the double diezonium salt. Thus, if ime’ 
mediately after setting on the reaction of ArNeCOoK with SbCle the reaction mix. 
ture is fsolated from the air, then the double diazonium salt 4s not formed even . ': 
after many days. In control experiments, in which air is not excluded, the.‘ re 
double diazonium selt is formed in the course of a few hours. If the reaction’ ne 
mixture that has been preserved for a long time out of contact with the air (ana 
therefore does not contain any double diazonium salt) is brought into the air in , 

an open vessel, then in a few hours ArNoCl-SbCls is formed. If finally, the re- ; a 
action of ArNoCOoK with SbCls is carried out in ethyl acetate at low temperature* 

with simultaneous passage of air, then the double diazonium salt ee 
straight out of solution. 


On the besis of the facts given poe, we came to the insanhion Sei that the re= aye 
action leading to the formation of ArNsCi:SbCls is as follows: 


1. Ar-NS¥-COOK + SbClg + KCl. 


The compound formed is only partially ae at an saciid on of the | 
reaction according to the equations 


This isconfirmed by the observation that at the beginning not more thai halt * 
of the theoretical amounts of COsa and No is evolved. 


2. The remaining part of the substance ArNsC0oSbC122) heiiieiebs on stending,- 
only in presence of the oxygen of the air, giving the double diazonium salts | : 


+ 28dCls + 02 —> 2ArN2C1-SbCls + 2002 + 


" It should be noted that among the products isolated in the reaction of. a 
CeHsNoC0OsK with SbCls in acetone and in ethyl acetate was the double salt of ben- - : 
zenediazonium chloride not with SvCls, but with Sb203. This: "anomalous double 


: 


low temperature was ‘used in order to slow down the potas tun 
arylezoformate and antimony trichloride. 


*)It is possible that the variable stability of the molecules, is - 
associated with cis-trans isomerisn, 


| 


o 
: 
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salt” is Like the with Zn and Cu powder. in the 
reaction in toluene, only the normal double salt is. formed. 


The “anomalous double salt® is evidently formed es a result of the. 
of the normal double salt by the moisture of the air during the evaporation of the 
solvent (and in certain cases of reaction 

with 5N hydrochloric acid. i 

4 


This supposition is confirmed by Sb203 fron a 
specimen of CeHsNeCl*SbClg on hydrolyzing the latter substance in acetone solution, 


The reaction of potassium with vas 
Studied by us in detail. 


results are given in Teble 


under Various Coriditions 


Reaction produgts 


‘ 


. Double 
No} Solvent_ diazon- 
A ium salt 
AE 
- 
26.3 = = 
32 - - 15.3 
20.3 - - 20 
- - - 10 
- 
9 
9] Petroleum 
ether 0-60 - 10 
—- On the basis of these. results, ‘the conclusions may be made: 


1. The optinun conditions for the preparation of diphenylstibinic acid con- 
sist in the use of acetone as solvent, the carrying out of the reaction at room 
temperature, and the use of 50% excess of antimony trichloride (expt. 3). 


2. Acetone and ethyl acetate are the most suitable Lalani for use in ‘the 
preparation of diphenylstibinic acid, ‘ 


3. The greatest yield of double atezoniun salt is a by using, 


: 1 
Teupera= Ol- —x- 


The only difference in conditdons betveen end 10 to that 
“the first case the solvent is driven off at 30-35°, whereas in the second case “ ; 
is evaporated off at roon temperature, Nevertheless, the reaction products in : 
these experiments are different. This circumstance led us to the idea that chloro. 
diphenylstibinedichloride may be formed as a result of reaction between dichloro. 
solvents. 


If this supposition | is correct, then addition of May's salt to the reaction mixture. .- 


of expt. 10, followed by heating to 30-35° should raise the yield of diphenylstib- 
.inic acid. Experiment confirmed our supposition: the yield of diphenylstibinic acia 
rose from 26.3 to 37.5%. We performed also a direct proof of the formation 
chlorcdiphenylstibine dichloride “in the reaction of CeHsSbCle with ColsNZSbC1y. 


May's salt was first decomposed by zinc dust under the conditioris used in the - 
method for the synthesis of organo-antimony compounds by way of double diazoniun 
salts [2]. The inorganic precipitate was filtered off, and to the filtrate, warmed 
“to 50-60°, May's salt was again added. -When gas evolution had stopped, the mix- 
ture was warmed for some time at 30.35°. In this: case the only reaction product 


The rrr can be expressed ty the schemes 


it (CeHs)oSbCls + 2 SbCis,+ ZnCle 


We have therefore succeeded in directing the decorposition of the double 
diazonium salt so that, instead ofa mixture of products, a single substance . . ; 
(CgHs)oSbOOH*Sbs03 is formed, this substance being, at the same time, one that -.": 
is not formed at all by the aiazo method, This method of preparing diphenyl-. : 

stibinic acid is the most suitable preparative synthesis for this substance... 
In the reaction of CeH;NsCOsK with SbCls in acetone, diphenylstitinic acts is 
again formed, evidently from dichlorophenylstibine and May's salt, 


As was shown by Bruker [4], the complex CgH>SbClo-CeHsNoCl decomposes. spon- 
taneously in acetone. Taking this into consideration, the fact that we isolated © 
diphenylstibinic acid from acetone solution even when carrying out the reaction 
and treatment of the reaction mixture at room temperature can be understood. 


Trichloride in Ethyl Acetate 


Potassium phenylezoforrate (10 g) (preparation, see [5] and 6) was 
sprinkled with a fon’ of g of trichloride 


. 


e 


_+)The products indicated by the square brackets were not jaentifiea.~ 


2)In the synthesis of diphenylstibinic acid, both by way of arylazoformates and 
by way of double diazonium salts, tt was in form a with 
entimony oxide (CeHs 
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. and the ethyl acetate was driven off in a vacuum at 30-35°. The viscous mass. 


* alcohol was added, The alcoholic solution was poured in a thin stream with 


_ (CeHs )2Sb00H- Sb20s. Calculated %: Sb 60. 


08 


(504 in 120 ml ethy! at 60-70°. Stirring was for. 
e further 30 min, The inorganic precipitate that came out (8 g) was filtered 
off end washed with ethyl acetate. The washings were united with the filtrate, 


that remained wae washed twice with cold 5 N HCl (30 and 15 ml) to remove in. 
‘erganic antimony compounds. To the washed residue, five times its volume of 96 


stirring into an excess of 5% ammonia containing a large quantity of ice. The 
-yellowish precipitate that was then formed was filtered off and washed with el- 
cohol end ether, Yield of (CeHs)2SbO0H-Sb20s 4.1 g (26.3% of theoretical). - 


_ Analysis for antimony in this and all following experiments was carried 
out by decomposing a weighed emount of the substance with concentrated sulfur. 
ic acid and permanganate, decolorizing the mixture obtained with hydrochloric 
acid, reducing the quinquevalent entimony formed into tervelent by the aid of 


potassium iodide, and titrating the iodine liberated with 0.1 a sodium thio- — 


Found és sb 60. 3 


On ‘passing hydrogen sulfide through a acid of the 
substance obtained, an orange precipitate of antimony sulfide is formed,~ 
whereas, under these conditions, a known sample of pure diphenylstibinic acid_ 
gives a white precipitate. On mixing a hydrochloric acid solution of the sub- 
stance obtained with a solution of pyridine in hydrochloric acid, a complex of 
chlorodiphenylstibine dichloride and pyridine is precipitated; it melts with © 


at 263-264°. Data in literatures | Pfeiffer and Schmidt (81, 
m.p. 265°. 


On Sb203 in hot 5 N HCl, 
dichloride, m.p.- 175 -5-176°, is obtained. Data in literature: Morgan and 
Micklethweit [9], m.p. 176°; Schmidt [10], Bruker 


Found 57.783 E 3. 12 
)2SbC1s. Calculated C 37.70; H 2.64: 


If in the treatment of the reaction mixture ethyl acetate 
off, but is caused to evaporate at room temperature, then the "anomalous .. 


double salt" (16% of and stibosobenzene of are 
obtained. 


Potassium phenylazoformate (10 g) is sprinkled over a period of 20 min, 
into a solution of 17.7 g of antimony trichloride (50% excess) in 120 nl of _ 
acetone with stirring, which is continued a further 30 min. The inorganic"~~ . 
precipitate that forms is filtered off and washed with acetone. The solvent Kae 
is evaporated off from the filtrate at room temperature. The residual viscous 
mass is washed twice with 5N HCl. To the washed residue, five times its vol- 
ume of 9% alcohol is added, and the solution is cooled with snow and salt. 

A powdery quectattate of violet color is formed. The substance is Pree 
copper powder in acetone; it has no definite melting point, 


4 


é a 


Yield of “anomalous double salt". 3, (15. 24, of theoretical), The 
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alcoholic filtrate is poured ‘into an excess of 5% emmonia containing & ae 
amount of ice, The yellow precipitate that forms is washed with alcohol end Bev- ar 
eral times with ether, Yield of (Cols )2Sb00H*Sb203 5 (32% of 


(Cells) Sb203. Calculated 8b 60.03 


a 


The substance obtained is converted into chlorodiphenyletibine 
m.p. 174-175". Data in literature: Schmidt [10], 175°. - 


From the ether used for washing (CoHs Sb203, 0.25 g of 
antimony) oxide (1.6% of theoretical) was isolated; it was identified in the ~  _*~ 
form of aiphenylantinony acetate, m.p. 132°. Data in the’ Literatures 
m.p. 132°; Talaleeva [11], mp. 153°.. P 


3. Reaction of Potessiun Phenylazofornate with pes trichloride 4n 


Potassium phenylazoformate (4 g) was sprinkled over a period of 20 min. at & 
room temperature into a solution of 15.6 g of antimony trichloride (three-fold exe--... . 
cess) in 120 rl of toluene with stirring, which was continued for a further 20 Ai 
min, The reaction mass thickened up, The precipitate was filtered off, well . 
washed with cold 5 N HCl, and then washed with alcchol., The substance obtained “ 
melted at 62-85" » which corresponds to May's salt. 


Calculated % : N 7.60 


Yiela of May's salt 3.5 (45% “In this no _ 


Reaction of Potassiun p-Toly with Trichloride 


“Potassium p-tolylazeformate (10 g) was sprinkled over a period of 20 isi at 
room temperature into a solution of 17 g of antimony trichloride (50% excess) in 
120 rl of ethyl acetate with stirring, which was continued for a further 30 min, 
The inorganic precipitate was filtered off (6.5 g), and the filtrate evaporated 
down at room temperature, The further treatment was as in Experiment 2. 1.7 g . 
(11.5% of theoretical) of p-tolylstibonic acid was we fron alcohol solu- 
tion in the form of the 


Found %; Sb 
Calculated %: Sb 40.58 


is a powder, insoluble in organic solvents apart ‘from glacial 
acetic acid; it forms a complex with pyridine. From amzoniacal solution there was | 
cbtained 4, 9 of theoretical) of p-stibosotoluene, 


i- 


5. React ior of Potassium P.Nitro Tommat e with trichloride. 


hig 


Potassium p-nitrophenylazoformate (10 g; preraration, see [12]) was sprink- as 
led over a pericd of 2C min, at rocm temperature into a soluti fon of 14.7 g (50% ..- : 
excess) cf antimory trichloride in 120 mi of ethyl acetate with stirring, which 
was continued for a further 30 min. The inorganic precipitate (5.7 g) was filt- 

' ered off, and the filtrate, after evaporating off the ethyl acetate, was treated 
as in Experiment 2, From the alcohol soiution, a precipitate (2.5 g) that con- 
tained no antimony came down (it was not investigated further), On pouring the 


stitonic acid was 
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6. Reaction ‘of Potassiun p-Bromophenylazoformate with Trichloride: 


Potassium p-bromophenylazoformate (5.3 ‘preparation, see [12]) was sprink- 
led over a period of 15 min, at room temperature into a solution of 7.4 g of anti. 
mony trichloride (50% excess) in 120 ml of ethyl acetate with stirring, which was 
continued for a further 30 min, The precipitate formed (2.5 g) was filtered off 
and washed with ethyl acetate and with cold 5 N HCl. The substance that remained 
after washing with hydrochloric acid (1.6 g) melted at 112-113° with decomposition; 
on adding copper powder in acetone, it decomposed with evolution of nitrogen. The 
substance is a double salt of p-bromobenzenediazonium chloride with SbCls. Yield 
1.6 g (18% of theoretical). Data in literature; Nesmeyanov [13], m.p. 113°.: 


The ethyl acetate filtrate was treated as in Experiment 2. A precipitate 
was obtained from alcohol (0.65 g), which was decomposed by copper powder in 
acetone, but did not have the melting point characteristic for the double selt 
of p-brou mobenzenediazonium salt with SbCls (it was not investigated further). 

On pouring the alcoholic solution into ammonia, 3.5 g of p-bromophenylstibonic 
acid (53.5% of theoretical) ves obtained, 
Found - 36.48 
Calculated %: Sb 36.59 

From the ethereal solution obtained frem washing the precipitate ateilene 
by emronia with ether, oxide was isolated; it 
was identified in the form of bis(p-bromophenyl)antimony acetate; m.p. 131-132°. 
Data in the literature; Nesmeyanov [13], m.p. 131-152" Blicke [14], m.p. 


1: Reaction of Potassium B-Naphthylazoformate with ‘Trichloride 


In the reaction of potassium B-naphthylazoformate (obtained by hydrolysis of 
the ethyl ester of B-naphthylazoformic acid) with antimony trichloride under the 
conditions of the previous experiment, B-stibosonaphthalene is formed with a 904% 
yield. The substance becomes rapidly disproportionated so that, even after 
reprecipitation, does not give satisfactory results. 


C10H7Sb0. Calculated : Sb 46.06 


Reaction of Potassium Pherylazoformate with Pentachloride 


Potassium pherylazoformate (4 g) is sprinkled at room temperature with 
stirring into a solution of 7.8 g of antimony pentachloride (25% excess) in 125 
ml of toluene. The reaction mixture becomes thick. The precipitate is filtered 
off end washed with toluene, coid 5 N ECl, and alcohol. The May's salt produced 
melts at 82-83°. Knows May's salt melts at 82-83°, and a mixed test shows no . 

‘ depression, Yield 6 g (76% of theoretical). 


: 9. Reaction of Potassium Phenylazoformate with a Three-Fold Excess — 


— 


of Antimony Trichloride in Acetone 2 
: ¢ 539 g of potassium phenylazoformate » reacted under the usual conditions 
with 12.6 g of antimony trichloride in 125 mi. of acetore yielded 3 g of ~s 


5 
‘ 
" 
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10. Fea ac*ion of Potasaiun Phenylazofornate with 
Antion ny Sr*chiloride with Addition of May's Salt 


Potassium phenylezo! formate (5 g) is sprinkled with stirring into’ ‘a 
of 8.8 ¢ of antimony trichloride (50% excess) in 120 ml of ethyl ecetate at 60-70°, 
May's salt (12 g) is then added, and "the. reacticn mixture is warmed on the water. 
bath at 35-40 for 40 min. The. inorgenic precipitate and the unchanged May's salt | 
are filtered off. The filtrate 4s treated as in Experiment 2, No precipitate is 
obtained from alcohol. On pouring the ‘alcoholic solution into ammonia, the com- 
_— (Cells )2Sb00E- Sb20s is obtained. Weight, 2.9 g (37.5% of theoretical). 


(Cols Sb203. Calculated %: Sb 60. 


11. Preveretion of the Double Salt of Benzenediazoniun Chloride - 
end Antizony Oxide ( Anoralous”! Double Salt) - 


Authentic May's salt (0. 5 g) is dissolved in 50 ml of ie ae and water - 
(3 ml) is added to the solution. A white powdery precipitate is formed, which is 
decomposed by coprer powder in ae but does not melt on heating up to 185° 
(authentic May's salt melts at 62.83°). 


of Diphenylstibiric Acid - 
by the Double Dizzonicn | Salt alt Method: 


ah salt (10 g) is decomresed by 2.5 g of zinc dust in 50 ml of ethyl ace- 
tate, previously heated to 60°. The inorganic precipitate is filtered off, and to 
the filtrate, heated to 69°, May's salt (5 g) is added. There is a vigorous re- 
action; all the Mey's salt dissolves in 10-15 min. The solution is heated for 
30 min. at 30-55° on a water-bath. The solvent is evaporated off, and the fur. 
ther treatment is carried out es in Experiment 2, May's salt precipitates from 
alcohol (2.2 g). From atzonia, the complex of dinhenylstibinic acid with anti- 
-mony trioxide is separated (4.2 g, 60.4% of theoretical). 


(CeHs Sb203. Calculated %: Sb 60.85 


1. A method hes been developed for the synthesis of aromatic organo-anti- 
mony compounds ty way of erylazoformates. ~ 


2. A mechanism hes been proposed for the reactions considered. 


43. It has been foune that, under the action of an :timony tri- or penta-. 
chloride, arylezoforrma*tes may be converted inte arcmatic diazonium salts. 


4k, A cornveniert preparative method is prepcsei for the producticn of di- 
‘ phenyistibinic acids, which are not readily accessibie; it consists in the de- 
composition of the deuble salt of btexzerediazorium chicride and artimony tri- 

chloride ty means cr zinc. : 
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RELATING 10, | when 


‘acta known for long ‘tine {1,2] - ont many? 
investigators have. prepared both the acid, and also a number of its derivatives: — 
[3,8) informatien-concerning its reactions is nevertheless still rather scanty. . 
At the seme time, this acid is undcubtedly worthy of attention and of- thorough -- 
‘comprehensive -Btudy asa substance of- high. physiological activity. As early as 
1899 there are indications in the literature that this acid has an effect on the 
activity of the heart and on the-breathing [9,10]. ‘ 


Experiments carried out at our request by Shchepkin, for which we express 
here our deep gratitude,. fully confirmed the earlier observations and clearly | 
showed that, on injection under the skin of a dog, a 0.1% solution of B-eamino- | 
butyric acid produces a great increase in blood pressure "wee an appreciable in- - 
crease in pulse rate end a more ‘concentrated solution (1%) rapidly produces con. 
plete stoppage of the action of the heart. It is very probeble that further study 
of the reactions of B-amincbutyric acid may lead to the discovery of new physio- 
logically active preparations and, possibly, of rew medicinal preparations. 


The absence of a readily accessible method of preparing B-aminobutyric acid 
vas doubtless one of the obstacles in the way of the study of its reactions, In_ 
our investigations, we have used a method developed some time ago in our labora- 
tory for the preparation of this acid- [11-14], and we carried out the synthesis 
according to the scheme below, the _B-amino acid from 
mixture by way of lead salts. 
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in the precipitete in the‘ solution” 
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However, to the very high of P-eminobutyric. in water 

(1 g inl g of vater) ard a.so owing tc the high volatility and great tendency to ° 

of the ertginal acetaldehyde, we did not succeed in obtaining . 

yields of greater than 23%. The originel method was therefore modified in the 

following way: 1) instsad of introducing a mixture of acetaldehyde and ammonia 
into the condensation reaction with malonic acid, previously prepared aldehyde- 
ammonia was useds 2) the reaction was carried out in the presence of a catalyst 

(trimethylphenylammonium hydroxide); and 3) the condensation product was con- 

verted directly into the less soluble benzoyl derivative, without prior separa. 

tion of the amino acid in the i apes 2% In this way, the yield wes increased 


Yields of p-benza- 

mido-B-furylpropi- 
onic acid (4% 


Yield of 
furylacrylic ecid(g) 


Parallel ex- 
periment with- 
out catalyst 


2 
3 i4.4 
13.7 
2 
6 - 
8 ~ As our catalyst always contains a certain 
15.01 emount of sodium ethoxide, one experiment was 
(with sodium carried out with ethoxide, but without cata- 
~_ ethoxide) lyst; the yield was considerably less, In 
order to confirm the effect of the catalyst, 
four experiments were carried out in an ana- 
3 Logous way with furfuraldehyde: 


acta 
- In Table 2 the yields of the B_berzamido- 8-furyizroptonic acid and — 
acrylic acid prepared in this way are given, 


In all the exneriments carrisd out with the the prod. 
uct was less resiri? tea, the acid was easier to purify, and the yiclid was greater, 


- 
without | wien Without 


that §-sminobutyric acid could be obtained by the hyarolyete 
of the benzoyl derivative was “not found to be feasible, The benzoyl group) does ne 
not split off on boiling for 6 hours with’ 20% HCl, with 10% KOH, or with glacial : 
acetic acid containing HCl. B-Aninobutyric prepared through the lead salt 
is very hygroscopic. it melts with decomposition at 186-187°.. Determination of. - 
- melting point is not reliable as a criterion of its purity owing to the abovee* 
mentioned hygroscopicity and decomposition on heating. This is the explanation 
of the various melting points cited by different investigators; 156° = - Curtius 
and Himlers 187-188° — Fischer end Scheiblers 193-194" Heilbron, 


- In order to verify our product we prepared the following derivatives of Sees: 
P-aminobutyric acid; methyldihydrouracil [15], the benzoyl derivative (by 
Schotten-Bavmann, yield 38.7%), and the copper salt, Determination of the cia: 
of crystallization in the copper salt confirmed the observation of Krebsbakh 
that it contains two molecules of water of and ‘not four, as : 
found by Engel [17]... .. as 


The benzoyl. derivative obtained as above by ‘the direct bensoylae 
tion of the product of the condensation of acetaldehyde-ammonia with malonic | es 
acid melted at 153-154" (according to literature, 155-155.5° [15]), anda 
mixed test with a. sample prepared by the benzoylation of pure B-aninobutyric ; 
acid showed no depres sion of.melting point.. The solubility of the benzoyl de- _ aos 
rivative was found to be 39,2459 g¢ per 100 g of water at 25° (according to the pS 
literature, 0.2467 [16]). In ell the preparations of N-benzoyl-B-aminobutyric =~ 
acid, also some crotonic ecid was isolated in low yield (about 4). 


. 
. 


Apart from the benzoyl derivative 3 also ‘carbethoxy-B-aminobutyric | acid was 
prepared, The N-benzoyl end N.carbethoxy derivatives were converted by means of | 
thionyl chloride into the corresponding acid chlorides, which gave, on treatment - 
with emmonia, the amides of and of acids 


me - 


The reaction went > and the yield 
constant (82-83%) after three experiments, For the carbethoxy compound, the yield 
was somewhat less (about 80%), In the preparation of B-benzemidobutyramide, a 
sual amount of is formeds 


Ce 


.CHsCHCHsCOCl 


NECOGgHS 


{ The yield of the pyrimidine depends on the amount of thionyl chloride t 
and on the reaction temperature, Using 2 moles of thionyl chloride per mole 
or the initial amino acid and a temperature of 40-h5°, the pant of the pyrimidi 
did not excecd 20%, while on heating to 80°, the yieta was 57h. Using 5 mole 
; of thionyl chloride at 80-82°, the yield rose to 70.6%, 


As the work of Rodionov and Zvorykina (18) has shown, the of 

alky?- (or aryl-) B-N-carbethoxyaminopropionic acids may be converted by - 
alkaline hydrolysis into the corresponding B-ureido acids, On alkaline hy- 
drolysis of B-(carbethoxyamino)-butyramide, the product was not the expected 
B-ureidobutyric acid, but methyldihydrouracil. It is evident that the highly 
water-soluble B-ureidobutyric acid could not come out of solucion, as in the 
case of other acids, and that, on concentration of the sap arias oer 
occurred with formation of TET). Ne 


CO 
CHgGH 


CO 


The ready ring- of at was observed by us pre- 

viously in attempts to prepare this acid, following Lippich [19] and Lange 

and Adickes [20], by boiling B-eminobutyric acid with urea while passing a 
stream of air to remove ammonia (instead of nitrogen, as proposed by Lippich). 

: Whereas B-aminopelargonic acid and B-phenyl-B-alanine gave the corresponding 
‘ _B-ureido acids under these conditions, B-ureidobutyric acid did not precipi- 


tate, and, on subsequent eveporation of the solution, ee ee was 
obtained. 


There are several investigations that show that of “acylated 
B-amino ecids are converted into derivatives of imidazolidone by reaction with 

’. hypobromite [21-24]. By this reaction, P-benzamidobutyramide gave a highly - 
water-soluble .and very hygroscopic product, m.p. 86-89°. Analyses of this 
compound gave reason to suppose that in the reaction with hypobromite a mix- 
ture of methylimidazolidone and benzoylmethylimidazolidone is formeds . 


wre 


& NHCOCeHs ” 


—-- 


As the vork of gvorykina ‘and has shown that 
(particularly benzoyl: derivatives) are readily hydrolyzed, the substance. 
of 86-89° was hydrolyzed with alkel4. - Benzoic acid was isolated, anda 
very hygroscopic substance of m.p. 93.5-95° (unchanged after repeated crystal.’ 
lization from chloroform) was obtained, Tte analysis exactly corresponded to . __ 
methylimidazolidone, Thus, as was to be expected, the emide of an acylated re 
B-aminobutyric acid reacts with hypobromite in the same’ way as the emides of ; 
B-amino acids already investigated in this respect. -' - 


The low yield of imidazolidone suggests that under the conditions of the: 


reaction investigated is nydrolysed ; further to. 


This wes fully and from the reaction with 
the aid of ethyl chloroformate, the corresponding @iurethan was obtained: 


one cis > CHz-CE—CHa 


1. Preparation of 


98g Alcohol ‘(80 nl), acetaldehyde (0.1 mole) » malonic acid (0,1 mole); 
and an elcoholic solution of emmonia (0.11 mole} are mixed with cooling in » 

_ @ 250-ml conical flask, The mixture is warmed under reflux on a water-bath un-. 
til bubbles of gas are evolved, which generally occurs when the temperature” ~_ 
reaches 50-60°, Heating is continued at this temperature until the evolution _.. 
of gas slows down (about 2hr). The bath is then brought to the boil, and gels 
cohol with traces of ammonia and aldehyde is driven off, Fivehours after the 
start of the reaction, -the water-bath is changed for an bicatiitis and . oe 
is continued at, 120° fer further 1 hour. 


The reaction product is treated with hot transferred to. bowl, end, 
while stirring and heating over a gauze, PbO is added in small portions (20-25% _ 
excess over theoretical), Heating is contirued until evolution of NHs stops, 
The precipitate is filtered off under suction and washed several times on the 
filter with hot water. The filtrate is precipitated, on cooling, with HS. 
After removing FoS, the solution is evaporated on the water-bath to a thick 
syrup, a few arops. of absolute alcohol are added, then some ether and nuclei - - 
for crystallization, The mass is left ina desiccator’ ever H2S0,, . end after 
two or three days it all crystallizes out. It is stirred with absolute alco<- — 
hol and sucked off on the funnel, where it is washed-with absolute alcohol. . 

The crystals are dried in a dessicator over HoSO4g. Melting point 176-179°.. 
_It is purified by recrystallization from water, Melting point in, a sealed 
186-187" Yield did not exceed 23%. 
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2. Preparation of 


Prepared according to Gattermann [25]. 
> Catalyst (yimet hydroxide). as for the 


of  fP-alanine [26]. 
acid, Malonic acid (10.4 g « 1 mole) in 30 of 
984 easel is cooled in.a mixture of ice and salt. Aldehyde-ammonia (6.1 g) 
is mixed with 30 ml of alcohol in a 250-ml conical flask, also with cooling, 
ee and the two solutions are mixed together, After stirring for 10-15 min., cat- 
- alyst (5 ml) is added, The flask is then connected to a reflux condenser, and- 
eee the reaction mixture is heated on ea water bath to 50-60°,. After about 2 hoprs, 
when the separation of gas bubbles has stopped, the bath is raised to the boil 
and the alcohol, with the residues of aidehyde and emzonie, is driven off, 
Heating is continued for 3 hr. on a vigorously boiling bath, and further ee: 
‘ 4s then given on an ofl-bath at 120-130° for 1 hour. . 


The condensation product is a transparent giao resin, It is Meine 
with slight warming in 40-50 ml of diluted (1:1) HCl and is extracted efter 
cooling, with ether in order to remove the unsaturated (crotonic) acia,* 1) 


‘The aqueous ieyer is neutralized with KOH (to Congo Red) and, after measur- 
ing its volume, is transferred to a vessel fcr benzoylaticn, which is placed in 
@ cooling mixture, After mixice and cooling, a solution of i8 g of KOH in suf- 
ficient water to give a final coucentration or 10-12% is added, When the bo 
perature of the reacting mixture reaches +5-10°, benzoyi chloride (14 g = 0.1 
+ ° mole) is added dropwise over en hour, Stirring is continued urder cooling for 
one hour, and then for a further 2 hr, at room temperature, When benzoylation 
is complete, the solution is twice extracted with ether to remove residual ben- 
zoyl chloride and any tenzamide that may be formed; the cooled and stirred sol- 
ution it then precipitated with strong hydrochloric acid, 6-Benzamidobutyric acid 
~s. "comes down in the form of a rapidly crystallizing oil. Next day, the crystals 
- ere filtered off under suction, washed on the filter with water, and dried at 
70-80°. The dry substance is stirred with absolute ether to remove benzoic acid, 
filtered, and washed again on the filter with ether, It is 
‘water; m.p. 153-154". Yield 7-8 &, i.e. 30-36% of theoretical. 


Found © 63.435 H 6.38; 6.315 N 6.74; 6.12 
Calculated %: C 63.76; 6 6.76 


3. Isolation of Crotonic Acid 


Ether extract No. 1, after washing with’ water, Grying over Nas804, and : re- 
moval of ether, gave an oil, which distilled over between 167 and 190° and ~~ 
partly crystallized on The thin needle-like crystals were aried on 
@ porous plate; m.p. 71-72°; b.p. 186-169°. 


Calculated %: C55. 81; H 6.97. 


; The filtrate fron the crystals ‘was fractionated once again. The main frac- 
: tion-came over tetween 169 and 182°: n** 1.4439. In none of the experiments 
'  @id the yield of crotonic acid exceed 84. In order to convert the cis- into the 
trans-form, the liquid form was heated for 2 hr at 180° and then distilled. 
. The _ fraction came over at 185-188°. The distillate crystallized ony 
m.p. 70-72°. 


Fur furaldehyde (10 g) is mixed with cooling with 50 ml of absolute 
in a 250-ml flask, and the solution is saturated with ‘As much ether 
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as possible is removed by the aid of pump,’ and the residual half-solid mass’: 

of aldehyde-ammonia 4s mixed in the cold with 15 ml of ebsolute alcohol and =. | 

with a cooled solution of 10.8 g of malonic acid in 35 ml of absolute alcohol, - 

Catalyst (5 ml) is added, and the mixture is well stirre?, After 10-15 min the . 

flask is connected to a reflux condenser, and the mixture is warmed on the . = -:-. 
_ water-bath, At 65-70°, evolution of gas commences, This temperature is main-. 

_ tained until the evolution of gas bubbles siows down; the temperature is then ~ 
raised to 99-100°, The a time of heating is ebout 5 hr. The reaction proe- -.. 
duct (a dark-colored resin*/) is treated with 100 ml of diluted (1:1) hye - «=... 
drochloric acid and is extracted with ether, After treating the ether extract gee 
with charcoal and removing the solvent, a brownish-red substance remains; after *. 
repeated dissolution in caustic potash and reprecipitation, a white crystalline, mer. 
powder of furylacrylic acid, m.p. T40-141°, is obtained, The hydrochloric 
solution is neutralized with caustic potash end benzoylated by adding firsta .. 
solution of 18 g of KOH in 80 ml of water (total volume of liquid, 140 ml) with - 
cooling and stirring and then 14 -g of benzoyl chloride drop by drop over one: . 
hour at +5 to +10°. Stirring continues for 1 hr. further in the cold and for 
1 hr at room temperature, The reaction product is extracted with ether, and 
the aqueous layer is precipitated with strong hydrochloric acid. A crystalline * 
precipitate of B-benzamidofurylpropionic acid (white in experiments with cata- 
lyst, gray without catalyst,is formed, Next day, it is filtered off, washed on 
the filter with water, dried at 70-80°, end washed with ether to remove contams 
inating benzoic acid. M.p. after recrystallization fron waters 179-160°. 

The yields ere indicated above, 


3. Preparation of and of Methyl - 
2-phenyltetrahydropyrimidine 


B-Benzemidobutyric acid (10 g) is treated at 40-45° with ehtions chloride 
(2 moles of SOClo per mole of acid) until bubbles of gas cease to appear. Resi- | 
dual SOCls is removed in a vacuum, The acid chloride obtained is stirred in . 
500 ml of absclute ether, and, under cooling with ice and salt, a stream of ary” 
NHg is passed, up to saturation, ‘through the ethereal suspension. The precipi- 
tate is filtered off, washed with hot water, with 10% KOH, and again with ae 
recrystallized from water, end dried at 70-80°. ; 


M.p. of 199-200°. 8.2-8.34 g, fe. 854 of 


Found %: C 64.88; 6h 6.765 6.82; N 13.60; 15.64 
Calculated %: C 64.07; 6.79 , 59 


After driving off the solvent, light-yellow 6-oxo-2-phenyl~ _ 
tetrahydropyrimidine was precipitated from the ethereal filtrate, After re- 
crystallization from benzene it melted at 119-120°, The yields are’ ‘indicated . 


6 6. Preparation of and Its 


B-Aminobutyric acia (7 g) was dissolved in 100 ml of ll. 54 equeous ‘KOH H 

(3 moles), Chloroformic ester (8.5.g = 1.1 mole per mole of amino acid) was i 
added with shaking and cooling with ice water, and the mixture was allowed to. 
stand for 24 hr. The solution was then acidified to Congo Red and extracted e. “7 
with ether, The oil that remained after removing the ether crystallized out lh 


only after standing for a long time in a desiccator, The purification of the 

: ) In the experiments without catalyst the product is almost blacks in experiments 

with catalyst it is gray. : ‘ 


. 


‘ 


* greasy crystals was “very difficult. For this reason, the B-(carbethoxy) -butyric 
acid, of which 6.7 g was obtained, was converted without further treatment into. 
the omide by the method described above for B-benzamidobutyramide. After recry- 


stallization from benzene the B- at 138-140", 
Yield (5 


Calculated N 16.09 : 


0.5 g of this amide was boiled with 5 ml of KOH for half | en ‘elle over @ 
gevze. The solution was ecidified with HCl. The expected P-ureidobutyric acid 
was not precipitated, The mixture was evaporated to dryness and extracted with 
ebsolute alcohol, The solution was filtered and evaporated down to & syrup. - 
It was left in a desiccator until it crystallized. The crystals were dried on 
@ porous plate; m.p. 216-218. A mixed test with a sample of methydihydrourcil, 
prepared according to E. Fischer and Réder [15], gave no depression on melting. 


. 


T.. Action of Hypobromite. on 


Starting substances 

5.15 (0. 025 mole) | 


The bromine is added dropwise to a stirred solution of KOR, cooled to -10°. 

The amide is then introduced in srail portions at a time into the light-yellow 
hypobromite solution, The temperature in the mixture is 0 to 42°. At first 
the amide dissolves readily, but towards the end the liquid becomes opaque. 

_ After adding all the emide (2-3 hr), the flask containing the reaction mixture 
is immersed in a water-bath at 80°. As soon as the temperature reaches 40-55°, 
there is a vigorous evolution of gas, and the solution is decolorized. The 
flask is immediately taken off the bath, but the temperature of the mixture con- 
tinues to rise and attains 65-68°, When further immersion of the flask in the 
80° bath followed by its removel no longer leads to a jump in temperature, the 
mixture is heated at 60° for a further 10 min, and then cooled, A precipitate. 
of emide that has not reacted (about 0.4 g) comes down, The filtrate from the . 
removal of the amide is precipitated with hydrochloric acid (1:2). ° Benzoic acid 
is precipitated (about 76% of theoretical). As the other products of the reaction 
are of high solubility in water, the acid filtrate from the benzoic acid has to be 
evaporated down to dryness. The residue gives a reaction for nitrogen. The dry 


substance is extracted with chloroform (ext ract No. 2) and then, with warming,with 
99% eicohol | (extract No. 


Neo. 1. After drying with NazS0, and driving off the chloroform, 
@ mass reminiscent of petroleum jelly remained. Under the microscope, it | , 
was seen to consist of crystals impregnated with ofl. On redissolving in ~ 
chloroform, a very srall amcunt of unreacted amide (0.1-0.14 g) was obtained; 

this was filtered off, and the filtrate was dried over NazS0,. The product, ~ 
efter driving off the solvent, was a very hygroscopic, light-yelliow oe 
which turned into powder on drying in a desiccator over Po0s; 86-89°. 
Analysis showed that this was a mixture cf methyliridazolidone and ber.zoyl- 


_ methylimidazolidone. The amount of benzoic acid obtained also the 
i incomplete splitting-off of the benzoyl group. 


In order to obtain the pure Nan, the substance of m.Pe 06.09" 
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- (1,82-1.93 g) was heated for 2 hr on the water bath under reflux with 30 ml of «=. 
20% KOH. A reddish o11 came out. On acidifying and shaking repeatedly with . -. 
ether, benzoic acid went over into the ether, After removal of the ether layer, - 

' the aqueous solution was evaporated down to dryness, and the dry residue was 
extracted with chloroform, After drying over NazgSO, end removal of solvent, _ 
@ substance of m.p. 95-95° was — Its analysis corresponded to ee 


Found %: 48,06; 8.05 7.965 26.295 20.55 
CaHeON2. Calculated C 48.05.. H 8.05. 


Extract No. 2, After driving off the alcohol, brownish-rea thick resinovs 
mass was obtained, In order to remove residual imidazolidone, it was triturated . 
with chloroform; the chloroform was:poured off, end the residue was dissolved 
in 20% KOH. The solution was.mixed in the cold with chloroformic ester. After. 
2h hr, the upper layer of the oil that was formed crystallized out. The crystals 
were laid out on a porous tile and then purified by repeated dissolution in 
ether and reprecipitation with petroleum ether, Analysis showed that this was 
the diurethan of propylenediamine; 1.39 g was obtained, m.p. 69-71°.. arene 


Found $: C 49.85; 49.78; H 91; 8.05; 12.345 
Calculated C H 8.25; 12,84 = 


As was to be expected, under the conditions of the reaction with Siidiiiatee- 
and of the subsequent treatment; the imidazolidone is hydrolyzed with formation ie 
‘1. In the of malonic acid with st was. 
found possible to increase the yield of B-aminobutyric acid, which was isolated. 
. in the form of its benzoyl derivative, up to the value of 36%, ifa — 
(trimethylphenylemmonium hydroxide) was used, 


2. The benzoyl group does not split off from B-benzamidobutyric neta when 
the latter is boiled for 6 hr with 20% —: or with 10% —_ or with —— 
acetic acid containing HCl. 


3. As in the case of other B-amino acids studied ipaliaiee. in “the pre- 
paration of the amide of B-benzanidobutyric acid there is formed also the cor-" 
responding methyloxophenyltetrahydropyrimidine, The yield of the latter depends 
on the amount of thionyl chloride taken in the reaction of acid chloride forma- . 
tion and on the temperature at which this reaction is carried out. 


: 4, When treated with hypobromite, B-benzamidobutyramide gives sie 
imidazolidone, Under the conditions of the reaction and of the subsequent 
treatment, the latter is hydrolyzed ane is. into propylene- 
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AND OF CERTAIN OF ITS DERIVATIVES 


M. Rodfonov snd B. I. Kurtev’ 


In previous investigations in our laboratory it has been shown that eromatic 
and aliphatic aldehydes readily react with malonic acid in presence of ammonia, 


Reaction proceeds mainly in two directions: a B-amino acid is formed, and a \ 
derivative of acrylic acid arises in a ‘side-reaction, These reactions are as. 


‘The total yield of the is 35-50% 
being B-smino acid. The first attempts to extend this reaction to aseuhtiadie. bs 
‘hyde led to the conclusion that in this case naphthylacrylic acid is considerably 
more readily formed, while the yield of B-(a-naphthyl)-B-aminopropionic acid is: 
insignificant [1]. However, it was shown in further experiments that B-naphtheal- 
dehyde gives the B-amino acid of this series with a yield of about 60%, and ass 
recently Kravchenko [2], by changing to some extent the conditions for the con- 
densation of a-naphthaldehyde with malonic acid, _ obtained ¢ a record yield of 
B-(a-naphthyl)-B-alanine (more than 70%). 


In order to prepare B-(f-naphthyl)-B-aminopropionic acid, it was necessary ~ 

to work out a method of preparing B-naphthaldehyde. This compound. was first pre- E 
pared by Battersckall [3] in 1873 by dry distillation of the Ca salts of B-naph- 
thoic and formic acids. A better yield (50%) was cbtained by Chichibabin [4] by 
treating B-naphthylmegnesium bromide with orthoformic ester. By replacing bromo- 
naphthalene by icdoraphthalene, Peter Sah increased the yield of B-naphthaldehyde  —-=—— 
to 704[5]. There is a certain preparative significance in the method based on the - > _ 

w-bromination of B-methylnaphthalene followed by treatment of the broro-deriv- 
ative with hexamethylenetetramine (6). 


very geod yields (up to 904 %) can be obtained ales the | use of Stephen's 


method reduction of B-naphthonitrile followed by 


eo @ 4 
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ot 
‘ 
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‘ 
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high yield 710- 4) is also by the of 
P-naphthoyl chloride, following {8}. All these methods, in spite of 
their high yields, are composed of many stages and give a great deal of difficulty, 
For this reason, an attempt was made to prepare B-naphthaldehyde by oxidizing 
B-methylnaphthalene with selenium dioxide, The oxidation of methyl groups in 
aromatic compounds to aldehyde rm has been — on a number of Copeeians 
with great success [9]. . 


The first experiments on the ‘aitiaciiiiain of p-naphthaldchyde by this method 
have elready been described [9]. The yield of aldehyde was only 344, of theoret- 
ical, on the basis of the B-methylnaphthalene taken. We have sanaceded in almost. 
doubling the yield of B-naphthaldehyde by using a mixture of naphthalene and 
methylnaphthalene (1.5:1) in the oxidative reaction. At first the reaction was 
carried out with mechanical stirring, but it was found later that the reaction 
could be carried out equally successfully by adding selenium dioxide to the mixe 
ture of naphthalene and B-methylnaphthalene heated to 220°. This method of ob- 
tainivg B-naphthaldehyde, using the readily accessible B-methylnaphthalene, is 
the most suitable for preparative purposes. The product that we obtained melted 
at 60.5-61.5° and was used by us for the synthesis of B-(B-naphthyl)-B-aminopro- 
fonic acid, of N-(B-nephthal)-methylamine, of B-(B-naphthyl)-acrylic. acid end its 

_ ester, and of B-naphthalmalonic acid (see Experimental section).. . ooo 


B-(B-Nephthyl)-B-alanine was first prepared by 
method, The yield (16.5%) was not very high, and variations of the basic method 
were therefore tried, viz. Johnson's method [10] and the method of Rodionov and 
Kravcherko [2]. In Johason's maenes, ermonium acetate is used instead of alco- 
holic emmonia, end in Kravchenko's — a mixture of ammonium acetate and glacial 
acetic acid is used, By the use of Johnson's method, the yield of B-(B-naphthyl)- 
- B-alanine was raised to 65%, and when we used Kravchenko and Rodionov'’s modifica- 

tion, which appears to be the most suiteble for aldehydes of the mice sa 
series, the yield rose to 69% of the theoretical, ° 


When Johnson's method was used, the ‘residue remaining after cuiihionibiinis the - 
amino acid was not investigated. In the remaining experiments, carried out by 
Kravchenko’s method, the residue appeared to be almost pure B-(f-naphthyl)-acrylic 
acid, The fornation of f-naphthelmalonic acid could not be detected in eas, 
method, The’ results of the are in Table 1. 


B-(B-Naphthyl)- | 6-(B-Naphthyl)- 
acrylic acid 


B-Naphthalmalonic 
acid (4) 


Method of preparation B-alanine 


a) Basic method 


27 ‘17 
method The unsaturated acids were not 
investigated 
c) Krav- Not detected 
chenko’=: zodi? ‘cation 
_@) In a large: amount of Not detected 


acetic acid 


the characterization cf B- (B-naphthyl)-B-alanine, Several derivatives | 
‘were prepared; 1) the methyl ester, by heating the free B-emino acid with methyl . 
alcohol in presence of sulfuric acid; 2) the amide, saad al the methyl ester 


. 
‘ 


= 


' 
. 
sini 


to with enmonia, at: room temperature for a 3) 
naphthyl)-B-aleniney 4) N-acetyl-B-(B-naphthyl)-B-alanine and its amide and 
anilide; and 5) N-methyl-B-(B-naphthyl)-B-alanine, The yields and melting 


points of these substances are given in Table 


Formula and name 


Methyl ether of p-(B-naphthyl) -p-alenine 87.5- 


oH7CH(NH2 )CH2COlH2 


209-210 


N-Benzoyl-B-(f-navhthyl)-B-alanine 
N-Acety1-B-(B-naphthyl)-B-alanine 177.5-178.5- 
imide’ of ~~ 804 _230-231 
B-C )CESCONH*CeHs 
Aniliée of N-acetyl-B-(B-naphthyl)-B-alenine 296-237 
B-alenine kot ) 
29.5° 195-195 .5 


1) 
glacial acetic acid. . 


2) yse1a from and malonic acia Experiential 
section). 


' B-Naphthaldehyde. A mixture of 56.8 g of B-methylnaphthalene (b.p, 235-236°) 
and g of naphthalere was heated on en oil-bath up to a temperature of 220°, 
Freshly activated selenium dioxide (44.4 g) was introduced into the mixture at 


this temperature in small portiors at a time over 30-40 min. After each addition, 3 


the mixture was stirred with a glass rod, and vigorcus ebullition occurred, Five 
minutes after adding the last portion of selerium dicxide, the reaction mixture 
began to boil gently. Eeating was discontinued, and the cooled mixture was dis- 
solved in ether and filtered from-the biack selenium powder. - The residue was 
carefully washed with ether, The main filtrate and the washings were mixed with 
150 ml cf a bisulfite solution and stirred mechanically for 3 hours. A voluminous 
precipitate of the bisuifite cempound of B-raphthaidehyde began to precipitate - 
rapidly. After a few kours the strongly colored ethereal sclution above the pre- 
cipitate was carefully poured off; ether was again poured on to the precipitate, 
and the mixture was stirred and allowed to stand until the ether had completely | 
separated, The latter was again poured off, and the precipitate, mixed with a- 
fresh portion of ether, was transferred to a filter and washed on the filter with 
ether until the washings became completely colorless. 


Yield from B-nephthaldenyde, ‘malonte acid, and potass iun acetate in 


. 


: 


_ 


e. 


The aldchyde-bisulfite compound obtained in this way = it consisted of fine 
faintly pink scales ~ was introduced with stirring into & hot strong soda solu. 
tion, Naphthaldehyde separated as e dark..colored 011, ‘ The whole mass was ditu. 
‘ted with cold water and stirred. The naphthaldehyde, which rapidly iis at 


was filtered off, washed with water, and immediately steam-distilled, 


The completely colorless crystalline B-naphthaldehyde was filtered off and 
dried at 50°, Yield 41.3 g, 4.e., about 66% of theoretical; m.p. 60.5-61.5°. 


N-(B-Nanhthal)-methylemine, To sclution of 15.6'g of B-naphthaldehyde 
and 8.1 g of methylamine hydrochloride in 50 ml of alcohol a solution of 6.2 g 
of caustic potash in 40 ml of alcohol and 20 ml of water is added drop by drop 
‘with stirring and cooling. Crystellization rapidly sets in, After 5-6 hours’ - 
the crystalline precipitate is filtered off end washed with alcohol and water, 
Yield 11.4 g (about 67% of theoretical); m.p. 61-82°. From the mother-liquor a , 
further 5.2 g ofa streneiy contaminated mey be separated 
by adding water. 


Calculated %: N 8. 28 


is readiiy soluble in ether, benzene, 
and CCl43; it is insoluble in water, It dissolves uachanged: in “hydzochiorie’ acid 
in the cold, but is hydrolyzed on heating, °3: 


The methyl ester of B-(B-naphthyl)-acrylic- acid was prepared by cwaliaibieds 
naphthylecrylic acid (2 g) in methyl alcohol (20 ml) in presence of sulfuric wee 
(3 g). Yield about 2 g, i.e. 944% of theoretical, mp. 93-935.5° (after recryst-_. 


ellization from alcohol). It consists of glistening scales. 


&) Preparation by Rodionov’s bas sic method. A mixture of + * 8 g of B-naphthal- 

dehyde, 5.72 g of malonic acid, and 13,4 ml of a 7% solution of emmonia in abso- 
lute alcohol was heated in a flask, fitted with condenser for distillation, on 


the water bath for 10 hours, .The dry residue in the flask weighed about 12 &. 
Half of the residue was ground into a fine powder and was extracted for 13 hours 


~with 20 ml of hydrochloric acid (1:10) with mechanical stirring. The insoluble 


residue was filtered off and washed with dilute hydrochloric acid, The acid fil- 
trate was evaporated down scmewhat on the water-tath, cooled, extracted with 
ether severai. and then meutralized with scdium acetate, After standing 
for 10-:2 rours, the precipitate tzat formed was <iltered off — with water, 
with alcohoi, az with ether, ad finality dried at 70.80%; -m.p. 225-216° 
with decompositions; yiv:d 0.65 ¢, 1EF oF After recrys- 
tallization rrom alcohol, the paiting point was raised to 22 
decorposs ition)... ... 


Calculated $iC 72.543 H 6,09 N 6.51 
residue forms colerless. thick pistes, aimost insoluble in ths sola in 


72. ins 72.083 © 6. C5; x6 91, 6. 92 


water, methanol, and ethanol, It not “atssolve in acetone,. or 

ether, dbut dissolves well in glacial acetic acid, It remains unchanged after.’ - 

long boiling with caustic soda (10%) or. with conc. HCl. . Investigation of the..:" 

residue that is insoluble in hydrochloric acid showed that it consists essente-. eee 
of P-naphthelmalonic acid (1.02 g isolated) and B- acta 
bre aration b Johnson's variant. B-Naphthaldehyde (15. 6g), malonic 

acti (10.4 g), ammonium acetate (10 g), and elcohol (25 ml) were heated for- segs 
10-11 hours on a boiling water bath. At first the mixture dissolved rapidly, — 

and then a brisk evolution of gas set in and after 5-6 min, a voluminous pre- . 
cipitate was formed. In order to isolate the B-(B-naphthyl)-B-alanine, ail. HCL se 
(60 ml, 135) was added, with constant stirring, to the reaction mixture, ‘After : 
heating for 10 min. at 70-80, the precipitate formed was filtered off, washed . 

on the filter three times with varm hydrochloric acid (1:5), and then washed *- 
with water. The acid filtrate together with the water washings were e xtracted — 

5-6 times with ether and neutralized with a solution of sodiua acetate, The “a 
uminous precipitate that formed was allowed to stand for some tine and then filt- 
ered off and washed with water. The crude product was boiled for two hours with 

100 ml of alcohol and then filtered hot. The residue on the filter was washed 

with alcohol and ether and was dried at 70-80°. Yield of B- (B-naphthy1)- Be 
alanine 14 g, i.e. about 65% of theoretical, The residve that was insoluble in. 
hydrochloric acid was heavily contaminated een acid ard was not 
investigated in greater detail, - 


-c. Preparation by Rodionov end variant, B-Naphthaldehyde (6 g), 
malonic acid (5 @ = 25% excess), ammonium acetate (12. g = about 300% excess), and 
g@lecial acetic acid (20 ml) were heated on a boiling water-bath for 10 hours, The . 
mixture went into corplete solution at 85°, with vigorous gas evolution, Already - 
efter boiling for 1 hour @ voluminous crystalline precipitate started to separate, 
When reaction was complete, water (50 m1) was added to the mixture, and the reac- 
tion mass was carefully stirred. The well cooled precipitate was filtered off and 
repeatedly extracted with water. . The united aqueous extracts were acidified with 
hydrochloric acid to Congo Ked and were evaporated down almost to dryness on the | 
water beth. The residue was treated in the way indicated above and yielded 0.52 . - 
g of B-(B-naphthyl)-P-alanine, 

The water-insoluble part of the solid reaction mass was extracted with warn 
hydrochloric acid; the hydrochloric acid filtrate was extracted several 
times with ether and then evaporated to dryness on the water bath. 6.81 g of the 
amino acid hydrochloride (m.p. 210-212° with decomposition) was obtained, One 
third of the fresh hydrochloride (2.27 g) was converted into free B-amino acid, _ 
For this purpose the hydrochioride was dissolved in dilute acid, filtered from a 
small amount of insoluble precipitate, extracted with ether, and precipitated in . - 
the usual way with sodium acetate. After purifying by boiling with alcohol, 1.73 ~ 
& of very pure B-(B-naphthyl)-B-alanire, m.p. 217-218°, was obtained, Thus, the 
total yield of the latter was 5.71 g, i.e. 69% of theoretical. The residue that 
remained after treating the reaction mass with hydrochioric acid was fairly pure .. 
B- m.p. Yield 1.46. i.e. about 19% of. 
theoretical. 


dad. On carrying out. the with somewhat aifterent of the chal 
components, namely with the mixture: 7.8 g of B-naphthaldenyjie (0.05 mole), 5.72 ~~ - 
€ of malonic acid (0.055 mole)., 5.78-g of amnonium acetate (0.075 mole), and 20 | 
ml of glacial acetic acid, and working up as in experiment c, 5.59 g of- . 
B-(B-naphthyl)-B-alanine, i.e. 58.8% of theoretical, and 3.06 g of (B-naphthyl) 
acrylic i. e, about 31% of theoretical, were obtained, 


* 
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tt 
e 
e 
| 


The ester of of \ 3. (p-Nophthyi) -alanine 
(8.6 g), methanol, (80 mi), and conc, H2804 (12 ml) were heated for 4 hours on a 
water bath; methyl alcohol (50 m1) was then driven off, On cooling, the resi- | 
due was neutralized with a soda solution, The that separated rapidly. crys- 
tallized, The crystals were filtered off, washed with water, and then recrys~- 
tallized from diluted methyl alcohol. Yield 7.39 g, i.e. about 804, of theoret- 
ical. Melting point of the ester after recrystallization from ligroin, 94-95°, 


Found 4: C 72.96; 73.19; H 6.66; 6.795 N 6,203 6.16. 
Calculated 4 : C 73.74; H 6,60 N 6,12. 


The methyl ‘ester is formed as large glistening prisms from ligroiri, It is 
readily soluble in alcohol, ether, benzene, acetone, and in dilute mineral acids; 
in ligroin it is difficulty soluble in the cold, but fairly soluble on warming, 
It is readily hydrolyzed on boiling with alkeli to a salt of the B-emino acid, 
On standing for many days in ammoniacal alcoholic solution, it is converted into 
the amide of B-(B-naphthyl)-B-elanine, The alcoholic solution was filtered from 
sal] amounts of contamination and gave, after driving off the alcohol, an ap-- 
proximately 65% yield of not altogether pure emide, m,p, 142-143°. Recrystal-_ 
lization from water raised the m.p. to 143.5-144.5°. Analysis for nitrogen ~ 
showed that the compound obteined was not quit te homogeneous, 


Found N 12.6; 12,41° 
Calculated N 13. 08 


N-Benzoy2-B- B-rarhthy1) - B.alanine, 6. 45 a) was 
dissolved in 150 ml of a 4% solution of caustic soda, and benzoyl chloride (4.2 


ml) was added gradually from a dropping funnel to the ice-cooled sélution. The 


solution obtained was left overnight, then filtered from the small amount of sus- 
pended matter, extracted twice with ether, and acidified with hydrochloric acid, 
The precipitate that immediately formed was filtered off some hours later and was 
washed with water, In order to remove benzoic acid, the precipitate was boiled 
with water, filtered off, washed with hot water on the filter, and then recrys- 
tellized from aqueous alcohol. Yield 8.65 g, i.e. 90.3% of theoretical, . 


N-Benzoyl1-B- (B-naphthy1)- B-elanine crystallizes in fine glistening prisms 
(from aqueous alcohol); m.p. 209-210°, It is insoluble in water, ether, benzene, 
and mineral acids, It dissolves in acetone, methanol, and 
ethanol. 

Found 71.35; HS. 3h; 5. 21; 4 533 33 

CooH170sN. Calculated %: C 75.22; 5.57 . 


N-Acetyl-B- (B-naphthyl)-B-alanine, Acetic anhydride (15 ml) was added from 
@ dropping funnel to an ice-cooled mechanically stirred solution of 10.75 g of © 


.B-(B-naphthyl)-B-elanine in 160 ml of a 10% solution of caustic soda, The reac- 


tion mixture was left overnizh+ and was then acidified with hydrochloric acid, 
The vcluri-ous precipitate that immediately formed was filtered off some hours 
later, wasted with water, ani dried to constant weight. Yield 12.75 g; m.p. 
164-174°, After recrystallizicg once from alcohol, the acetyl derivative ap-. 


‘peared ts be “quit te pure and 2=ited sharply at 177.5-178.5°. It crystaliizes from 


alcoho: ic giistening colorless prisms, It dissolves readily in alkalis, ace- 
tone, methanci, and ethanol; with difficulty in water, ether, and benzene, 


“Yield os recryst tailized product 10.16 g, i.e. of theoretical. 


. 


‘ 


Antiide and “amide of A mixture ot 1. 2 
of N-acetyl-B- tyl-B-(B-naphthyl)-B-alanine, which was finely ground and dried in a vace 
uum desiccator, and 5 ml of thionyl chloride was heated on the water-bath at — ; 
40.50° until gas evolution ceased. The excess of thionyl chloride was driven off 
in a vacuum at 40-50°, The residue in the flask vas a red, very Wiscous ofl,” 
difficultly soluble in absolute ether, 


Anilide; A small quantity of the prepared acta chloride was with 
small excess of aniline in ethereal solution at room.temperature, The. powder. 
like precipitate formed was filtered. off and extracted successively with dilute 
caustic soda, end finally water. After one recrystallization from elcohol, .:. :. : 

suk g of a substance of m.p. 236-237° was obtained, After a further recrystale - ae 
the product melted at 237-238. The anilide crystallizes from alcohol 
in colorless prisms, It is insoluble in water, acids, alkalis, ether, and ben- = ~~ 
zene; rather difficultly soluble in and 
Found $: N 8.753 8. 60 


- Amide, Strong aqueous ammonia (150 ml) was added to the main mass of the rs 
acid chloride. The mixture was shaken vigorously for 30 min. ard then left to’ ie hae 
stand for several hours; the precipitate that had formed was ther fiitered off ae 
and well washed with alkali and water, The dried precipitate wes ground and re- 
crystallized from dilute alcohol. 5.66 g of amide, m.p. 255.5-227.5°, was ob- Pe: 
tained, By repeated recrystallization from a mixture of water and alcohol (531), ~ 
constent m.p., 230-231°, was attained, The amide > of N-acetyl-B-(B-naphthyl)-B- - 
@lanine crystallizes from aqueous alcohol in ‘stening long plates. It does ©. 

not dissolve in ether or benzene; it is of r sther poor solubility in methanol, . 
ethanol, and acetone in the cold, but dissolves readily on almost. 
insoluble in cold water, but dissolves in hot water... 


From the mother liquor, after evaporation and oO. 16 the 
original B-(B-naphthyl)-B-alanine was isolated. Thus, the yield of Laas calce 
ulated on the amount of $-(f-naphthyl)-B-ealanine thet reacted (7.72-0.76) is | 
5.56 g, i.e. about 80-81% of theoretical (not taking into account the amount of 


- 


- 


acid chloride taken for the anilide,>) 


a) B-Naphthaldehyde (1.55 g), malonic acid (1,30 g), methylemine selene 
ride (1.01 g), erhydrous potassium acetate (1.50'g), and glacial acetic acid (5 
ml) were heated on a boiling water bath for 8-9 hours. The originally homogene- 
Ous mixture evolved gas with formation of a crystalline precipitate, The thick 
crystalline mass obtained after coolixg was extracted with dil, HCl (see synthesis 
of The hydrochloric acid filtrate was first concentra- 
ted on the water-bath and then extracted 4-5 times with ether and neutralized with 
& concentrated soiution of sodium ecetate, After a few hours, the precipitate : 
that separated was filtered off, washed with water, and dried at 70-80°.. 1.20 g 
of a substance of m.p. 187-188* (with deccmpssition) was obtained, ‘After 
fying for auaiysis by repeated the substarce meited at 

N-Methy1- B-alanize crystallizes in prisms; it is 
in mineral acids and ‘in 4 kalis,. ard aisc, on boiling, in water’ in acet- 

ne, 


} 
F 
q 


Moscow, State Chemistry Press, 1951, pp. 99-178. 
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The crystalline resid: ie that reunina on the filter after the re. 
action mixture with hydrochloric acid was found to be pure B- ainda des 
acid, m.p, 207-208°, Yield 0.78 g (about 39% of theoretical), 


“amine (1.69 g), malonic acid (1,04 g), and ethyl alcohol (5 ml) were boiled on 
“the water-bath for 10 hours, Full dissolution occurred in the first 10 min., 

and a large amount of gas was evolved, After 30 min., a precipitate started to 
eppear. After cooling, the reaction mass was treated in the way indicated above, 
‘Yield of crude N-methyl-B-(B-naphthyl)-B-alanine (m.p, 189-190°) C.68 g, 4,e. 
about 57. of 


‘and Shenyekin, based on the oxidation of B-methylnaphthalene with selenium diox- 


ide, has been improved by the use of naphthalene as solvent, The yield of — 
hyde rose from 34 to 66-67% of theoretical, 


2, N-(B -Nephthal)-methylamine and methyl are 
scribed for the first time.. 


3. The following have been synthesized; 
acid, its methyl ester, its amide, and its benzoyl and acetyl derivatives; the 


amide end anilide of N-acetyl-B-(B-naphthy? )- B-aminopropionic end 
B-(B-naphthyl)-B-aminopropionic acid, 


B-(B-Naphthyl)-B-eminopropionic acid has been prepared by the basic 
of Rodionov end also by three variants of this method, 


4, N-Methyl-B- (B-naphthy1)- acid has been prepared by 
methods; one of them is new. ; 


Mendeleev Chemico-% éctnologtcal Institute, 31; 
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A. Arbuzov" and Grechkin’” 


The carcinogenic hydrocarbons are oil-soluble, water-insoluble substances, 
Injection of carcinogenic substances in 011 into the organism causes the une 
desirable formation of oleomas, i.e. tumors produced by the oil itself. For 
this reason attempts have been made to obtain substances having the skeleton . 
of the carcinogenic hydrocarbons, but soluble in water. Thus there are tlic- 
soluble complexes of carcinogenic hydrocarbons with desoxycholic acid {1],-. 
which were found to be of little use, owing to the fact that desoxycholic acid 
is a powerful hemolytic poison, Phenols derived from the carcinegenic hydro- _ 
carbons were found to be inactive [2], There are also the compounds of the ree ee 
carcinogenic hydrocarbons salts of which are soluble 
in water [3], etc.  - 


It seemed to us that, considering the important ‘part played by organic” aw 
derivatives of phosphorus in the organism, it would-be—interesting to prepare’ Pats 
derivatives of actively carcinogenic substances conteining the phosphonic group. — 
Such acids or their salts might be soluble in water. With this in view we have ~ 
examined the action of sodiun diethyl phosphite on 7-benz[aJanthracenemethyl- 
chloride, The resulting ester of the corresponding phosphonic acid (I) gave . 
on hydrolysis the free phosphonicacid, whose sodium salt is soluble in es ee 


Paper read at a of the. Division of Sciences and of the 
Division of Physico-mathematical and Chemical Sciences of the —" of Sci-_ - 
ences of the Ukrainian S, S. R. in Kiev, June 1950, : 


3 


From 12-methy1-7-benz [a Janthracenemethy1 Loaide, » the phosphonie 
acid (III) was prepared through the ester in an — manner} ites ammonium 
"salt is of good solubility in ee 


CHs 


The substance’ III is a denivative of one of the most ne carcinogenic 


- 
= 


“Action of aiethyl hosphite on 


-benz chloride 
7-Benz[aJjanthracenemethyl chloride (4 g) [4] is added to a benzene solution 
of the calculated amount of sodium diethyl phosphite at room temperature, The _ 
. erystals of the former rapidly discppear, and the solution takes up a bright 
yellow color. The solution is boiled for an hour; the color of the solution 
becomes less intense, and a white precipitate forms on the walls of the flask. 
The solution is poured off, and the precipitate is washed with benzene by de- 
cantation, After the solution has stood for a short time, ea small amount of 
crystalline material comes down; this is the unchanged benzenthracenemethyl ~ 
chloride (m.p. 185-187°) — it gives no depression of m.p. in admixture with 
known substance. The benzene is distilled off in a vacuum, and a yellowish thick 
syrup remains behind,- On hydrolyzing the syrup with conc. HCl under reflux for 
30 min, 2.1 g of a solid substance is obtained. After reprecipitating twice . 
(by acid from alkaline solution), 1.07 g of substance in the form of microcry- | 
stalline prisms is obtained; it is insoluble in water and in hydrochloric acid, 
but readily soluble in aqueous alkalis, The substance, dissolved in an aqueous 
sOlution of the calculated emount of caustic soda, is boiled with charcoal, 
filtered, and evaporated down to give 1.3 g of the sodium salt of 7-benz[a]- 


anthracenemethaneph osphonic acid. Yield 23. 6%, calculated on the original benz- 
anthracenemethyl chloride, 


: Found $: P 7.725 1.69 
Calculated %: P 7.73 
After drying in a vacuum at 70° for 6 hr, the analysis was repeated: _ 


Found %: P. 8.50; 
- Calculated %: P 8.46 


Action of sodium diethyl 


hosphite on 12-methyl-7-benzfa anthracenemeth 1 lodide . 


12-Methyl-7-benz[a]Janthracenemethyl iodide (4.9 g) [5] is added in the cold 


to a solution of 2.1 g of sodium diethyl phosphite in 50 ml of dry benzene. . 
Reaction, with separation of sodium iodide, proceeds even in the cold. Afe- 
ter boiling the solution for 15 min, the sodium fodide is filtered off (1. & ga. a 
95% of theoretical), The filtrate is a yellowish transparent liquid, The bene 
zene is distilled off in a vacuum leaving a thick syrup. The latter is hydro- 
lyzed with boiling conc, HCl under reflux for 24 hr, and a’ brownish solid (4 g) 

is obtained. After dissolving this in aqueous alkali and precipitating with ~ 
hydrochloric acid, 2.1 g of a crystalline substance in the form of fine yellowish . 
needles is obtained, This substance is dissolved by heating with excess of 25% 
ammonia, After evaporating the solution, 1.5 g of yellowish leaf-like crystals 

is obtained, Yield 30.64%, calculated on the original methylbenzanthracenemethyl 


Found ¢: 
The following phosphonic acids and their ethyl esters have been synthesized: — 


7-benz[a]anthracenemethanephosphonic acid and 12 
phosphonic acid, These are derivatives of actively carcinogenic compounds, 
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COMMUNICATION ‘Io. THE RELATIVE ACTIVITIES OF THE MESO CARBON anon 
ANTHRACENE AND 9, IN REACTIONS WITH OxIDIZING AGENTS 


- . 


of us [1,2] has that in the of 


by oxidizing anthracene in aqueous suspension with chlorine the. reaction “finally 


slows down considerably when the main component of the mixture, apart fron 


enthraquinone, becomes 9,10-dichloroanthracene, which is a by-product in the > ae 


reaction,: As’ the concentration of chlorine in the solution was maintained con-- 
stant, we considered that the slowing down was to be explained by the greater, 
reluctance of 9,10-dichloroanthracene tO undergo oxidation, as compared with . 
anthracene itself, In this connection, we have now determined the reaction rates 


for the oxidation of anthracene and of 9,10-dichlorcanthracene by chlorine water  - 


and have shown that reaction with anthracene is many times more rapid than with 
‘9,10-dichloroanthracene, At the same time we have shown that also with other 
oxidizing agents, e.g. KoCro07 + FoSO, and KMnO, + KOHagq, reaction with anthra-~ 
cene is considerably more rapid than with 9,]0-dichloroanthracene. The course 
of the reaction was followed by determining the concentration of oxidizing agent- 
in solution at definite intervals of time, The relative rates of oxidation of - 
anthrecene and of 9,10-dichloroanthracene and the relative activities of the 
meso-carbon atoms of these compounds in these PEPTE TORS were estimated according. 
to sen of oxidizing agent, 


Sterting materials. Anthracene, chemically pure, m.p. 216°, was prepared” 
by recrystallizing 93-94% anthracene twice from benzene, distilling, and then. 
again crystallizing from toluene. 9,10-Dichloroanthracene was prepared by the 
method already described by one of us [3]. After three crystallizations from 
benzene, the first in conjunction with activated wood charcoal, 9,10-dichloro- 


anthracene was obtained in the form of pale-yellow needles, m.D. 212. 4°. _ Further 


crystallization did not affect the melting point. 


In view of the fact that the reactions under Par ete are carried out 


under heterogeneous conditions, it was necessary, in order to obtain comparative “a . 


results, to pay particular attention to regularity of particle size, standard 
pasting procedure, and standard conditioris for stirring during reaction, Only | 
by careful observation of standard conditions in these operations was it pos- ~*~ 
sible to obtain results agreeing within 2-3% in duplicate experiments. 


Anthracene and 9,10-dichloroanthracene were carefully ground, first in.-. 


the dry state, and then as an aqueous peste, wnich was-rubted through silk gauze | 


having 64 mesh per cm. The pastes obtained were pressed off on a filter, dried,” 


and again ground. . For the preparation of chlorine water; chlorine from a er 


der was used, Chemically pure dichromate and permanganate  _ were used, 
I. Oxidation with Chlorine Water - 
Experimental Procedure, _ The determination of ‘ vate of the reaction of ° 


‘ 


| 
: 
| 


bd 
anthracene with water was carried out in 
flask of about 400 ml capacity with a ground-in stopper’; the flask was fixed by 
the aid of screw clamps in a vertical position in a jacket with a rubber seal, 
The jacket was attached to a shaker, which gave 70-75 shekes per min, Depending 
on the conditions of the experiment, either water or a cooling mixture was passed 
through the jecket; the temperature of the cooling agent was measured as the 
latter went in and came out of the jacket, The flesk was checked for leaks by 
means of blank experiments in which chlorine water only was shaken for some hours 
and its concentration determined, The chlorine water was prepared by saturating 
freshly distilled water with chlorine from a cylinder, and it was kept in a 
vessel of dark-colored glass with a ground-in stopper. The required concentra- 
tion of chlorine was obtained by subsequently diluting the solution with dis- 
tilled water, and before each experiment the concentration was checked by io- 
Gometric titration. The required amount of chlorine water was taken with the 
aid of a special, previously calibrated pipet, similar in construction to 
Yakovkin's pipet [4], with a three-way tap and bulb, ee to remove the 
top layer of the chlorine water that is drawn up, ; : 


The weighed amount of anthracene (9,10- CA a ground up Pai 
the manner already described, is pasted: up with 0.5 ml of water in a thin glass 
test-tube and introduced into the reaction fiask, into which, after allowing 
ebout half an hour for the temperature of the experiment to be reached, a defin~ — 
-ite volume of chlorine water is introduced by the aid of the pipet. . The reaction 
is considered to start at the moment when the anthracene (9,10-dichloroanthra- 
cene) is introduced: on shaking, the test tube is broken, end the substance a 
investigation is uniformly distributed in the chlorine water. 


After a definite interval of time the shaker is stopped and the course . of 
the reaction is interrupted by adding an excess of 10% KI, the iodine liberated 
is titrated with thiosulfate. In some of the nately vse the acidity of the 
solution was determined alkalimetrically (after the iodometric titration) in 
presence of phenolphthalein. For each period of time, at least two experiments 
were carried out for each temperature, Most of the experiments were carried 
out with en excess of anthracene over that calculated from the equation for 
oxidation to anthraquinones 


! 
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According to this vita: 33.69 m1 of 0. 1 N chlorine is ideal for 
0.1 g of anthracene. The amount of chlorine consumed in the oxidation was de-- 
termined from the difference between the amount of chlorine taken for the ex- 
periment and the amount aggaaeigi ae after the reaction, working in ml of 0,1 N. 
solution and recalculating as % of the amount of chlorine required for complete - 
oxidation The resnlts of experiments in which the effect of the chlorine Con- 
centration and the temperat ure or the rate of oxidation of anthracene is studied 
are given iz Tebles 1, 2, 3, 4, and 5 end in Fig. 1. The resuits of experi- 
ments or the oxidation of 9,10- ~dichioroa:t vhracere water are given 
in Table 6 ard Fig. i. . 


‘The following are the signs used in the tables and = the text: t is the 
time from the start of the experiment (min); Ap is the volume of 0,1 N chlorine 
water at the start of the experiment (ml); Ag-— x is the volume of O.L NN: 
chlorine water remaining after the oxidation: (m1); x is the voiume of O.1N - 7” 
chlorine water consumed in ‘the oxidation (ml); ki is the value of the first- 


order constant calculated from the art 


and i. is the ‘value of the first-order constant hii from the equations 


Fig. 1. Oxidation of anthracene (curves 1-5) and of 9,10-dichloroanthracene 
(curve 6) ty chlorine water: 1) 50,07 ml 0.01 N chlorine water, t 2-3°s; - ‘ 
2) 50.07 ml 0.05 N chlorine water, t 2-3°; 3) 50.07 ml 0.05 N chlorine water, 
t 15-16°; 4) 99.31 m1 0,05 N chlorine water, t 15-16°;'5) 99.31 ml 0.05 
N chlorine water, t 15-16 in presence of hyarochiorie acid; 6) 30. ml 

_O. N chlorine water, t 20-21° 


° 


Pa 


‘In of the of the processes in the heterogen- 
ous system investigated, we have attempted to give our measurements a kinetic 
treatment, and we have obtained comparatively satisfactory results by treating - 
the reaction as being formally of the first order with respect to active chlo- - . 
rine, For the purpose of the kinetic investigation of the oxidation of anthra- 
cene, we took into account the courses of the chemical reactions, but not the 
processes occurring at the bounding surfaces and also not the diffusion pro- 


cesses, although, as the experiments show, the latter pley an essential role. 


From. an examination of the experimental results in the tables and in sings » 
the following preliminary conclusions can be made: 


1) The reaction rate increases approximately proportional to ‘the. enalytical- in 
ly determined concentration of active chlorine (Tables 1 and 2). 


: 2) The reaction rate is reduced by the hydrochloric acid that is formed ~ 
or is introduced prior to the reaction (Fig. 1, curves 4 and 93 Tables 1-5). 


3) The reaction rate for the oxidatior of anthracene is considerably greater $3, 
than that for the oxidation of curves 3 and 65 
Tables 3 and 6). ’ 

In order to derive a kinetic equation on the basis of this eaieeiaiiliatn ye. 
must take into consideration that the rate of change of the concentration of © ig 
oxidizing agent at any given moment is proportional to the analytically nee. iw 
mined concentration of active chlorine and inversely proportional to the con- 


. 
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our and to a form “that is suitable for in-. 


Percent of amount 

theoretically 
necessary for 

oxidation 


0.0034 


0.89 . 
0.0025 1.27 
0.0018 1.84 


‘Anount of anthracene taken, 0.1 g; 50.07 ml of chlorine water was taken . 
for each experiment; temperature of experiment 2-3°. 


Percent’ of amount — 
theoretically necessary 
for oxidation 


Amount of anthracene taken, 0.1 g; 50.07 ml of water was teken 
for each experiment temperature or 2-5°.. 


From this equation we calculated the rate esaiimaiias for the reaction. These 
are given in Tables 1, 2, 3, 4, and 5. It must ve peinted out that the calcula- 
- ted reaction rate constants are conventional only, = are of on el 


- Comparative purposes. 


If, bie the rate constant is calculated from the * equatiton 


_ 


at a constant is obtained ‘that falls rapidly, will be 


; Expt. Ao, Ao Xx, Xy 
No. nm. nl . 
15 5.95 | 5.65 | 0.30 
2 30 5.96 5.92 0.43 Nes 
3 60 5.98 5.36 0.62 : 
4 120 | 6.00 5.10 0.90 
Now | min. ml ml 
a 30 |26.19 | [1.78 | 0.0023 | 0.0021 5.27 | 
2 60 | 27.09 | 24.55 |2.54 | 0.0016 | 0.0021 . 7.53° 7 
3 120. |25.78 | 22.54 0.0011 | 0.0019 
4 180 }|25.88 | 21.72 [4.16 0.0009 _ 0.0021 12,28 


seen from the tables. For convenience of. Ascusston, he result, obtained are’. 
brought together in Table 7 . 


As will be seen from Series 1 and 2, the rate ‘dinetenk is approximately yeee. 
portional to the concentration of active chlorine; On the other hand, increase: © °° 
in the amount of chlorine at a given temperature and for a given concentration of .. = .: 
active chlorine may even cause a fall in the constant for the series (Series ae ae We 
and 4), which is probably to be explained by the increase in the volume of the =. °- 
liquid phase. A1l®° rise in temperature results in a ten-fold increase in the = _ Be 
rate constant. The hydrochloric acid formed reduces the reaction rate (Tebles oes + 
1-4), and the prior introduction of hydrochloric acid to the extent of about.” ie 
0.02 mole causes @ fall in the constant by about 10% 7m 4 and 5). 


— 


Percent of emount .. 
theoretically necessary 
for oxidation 


. 


Mean 0. 
of enthracene 0.1 g; 50. 07 ml of vate? was ‘taken 


"TABLE & 


Percent of amount, 
theoretically necessary 
for oxidation 


0.02200 
0.01548 
0.01095 
0.00790 
0.00430 


‘Mean (0.1495 


Amount of anthracene taken, 0.1 g; 99. 3). mi cf chlorine water was taken - 
for each ure of exper iment 15-16°. = 


When the ‘con: ‘of the authrecere atout 90, a 
fall in the value of the constact is cbserve2s this occure in Experiment 5, 
Table 4 and in Experiment 4, Table 5. This fall. in the corstazt is to te ex-. Care ke 
Plained by the accumulation in the reaction prceducts of 9,:0-dichloroanthracene 
the rate of the oxidation of 9,10-dichloroanthracene is many times less than that 
of anthracene under the same conditions of temperature and chlorine concentration 
(Fig. 1, curves 3 and 65 Tables 5 and 6). 


No. | min. nl mi 
1 | 25.93] 14.52 0.03866 | 0.2h20 
60 25.89} 6.79 |19.10] 0.02232 | 0.259% 55.4 
_, No. | min. nl ml ml 
1 | 48.82] 35.10 |13.72] 0.1592 — 
2 | 30 48.36 | 30.40 | 17.96 0.1494 53-3 
3 | 60 51.44 | 26.66 | 24.78 0.1505 
1120 49.24 | 18.98 | 30.25 0.1392) 
5 48.96 | 17.55 | 31.41 0.07842 95.2 


‘ 


theoretically necessary 
ait, for oxidation 


2 30 145.65] 29.0% | 16.62 - 0.1340 
2 60 146.18] 23.42 | 22.76 - 0.1430 | «67.54 
3 120 [46.48] 18.05 | 28.43 0.1300 
46.26] 29.98 | 29.98 | | 0.0702) 


~ Amount of anthracene taken, 0. 1 g 99.31 ml of chlorine water was teken 
for each experiment. The experiments were carried out in presence of hydrochloric 


acid, concentration 0. =~ mole por ait ate the temperature of the experiment 

Expt. of amount 
No. heoretically necessary 


for oxidation 


1 1.48 

2 2.71 

3 5.92 


Amount of i sasaiidbcaasAialiacees teken, 0.1 g: 50.07 ml of chlorine water 
was taken for each experiment ; of experinent, 20-21° 


"TABLE 


Temp |Moles chlorine 
(°c). per mole of of chlorine 
anthracene ‘water 


a. 0.00056 
=3.752) 
2 0.0021 
=1.17 
3 0.2452 
0.1495 
=1.1 
0.1356 
: superscript numbers Andfcate the number of the cerfes. 


| 
Expt. 
: Series Ratio of constants 
No. 


; 


: = . 


The Products Obtained by the Aeton of Chlorine. on Anthracene in Aqueous Suspension 
When halogens yeact with end other in aqueous 


suspension, or in suspension in aqueous solutions of ee acetone, or acetic : 
acid, mainly oxidative processes occur, - 


Meyer [5] and Zahn [6] » by the action of or on anthracene 


suspended in aqueous solutions of alcohol or acetic acid at 25°, obtained «. : A ee 


oxanthranol, which was converted into anthraquinone by the prolonged ection of 


chlorine; at a high temperature, the main reaction was the oxidation of enthras . = Pe 


cene to anthraquinone.. They observed also the formetion of 9,10-dichloroanthras ’ 


cene as a by-product. Plazek [7], by the action of chlorine on anthracene in — cb oe 


methanol or ethanol, obtained anthraquinone in very good yield and in & high - on 
state of purity. Charrier and Grippa [8], by the action of hypochlorous —- 

on anthracene in aqueous suspension, obtained a product that they took to be - 
mixture of 9-hydroxy-10-chiloroanthracene’ and 
The mixture of these products was converted by boiling with alcohol into ~ 
bis(9-hydroxy-10-anthryl) ether. Price and Weaver [9], by the action of bromine . 
on anthracene in dry acetone, obtained a good yield of 9,10-dibromoanthracene ~ 
(m.p. 221°). When the acetone employed was not carefully dried, the products 

were always 9-bromoanthrone (m.p. 1#2-144°) and anthraquinone (m.p. 280-282°),- 


and when the water content ecetone was high, was the sole 
product. 


We have investigated the obtained by the action of 1200 nl of 


0.05 N aqueous solution of chlorine-on 2.5 g of anthracene at da teal for hus hours 
end have isolated the following productse 


1. The reaction product was treated several with a hot 
caustic soda until the filtrate ceased to have a red color. When the "cole became 
brownish yellow, the caustic soda solution was diluted to 0.5%, and extraction was 
continued until a colorless. filtrate was obtained. On aciaifying the red filtrate. 
with dil.HCl or HsS0,4, a brownish-yéllow substance was precipitated, and from . 
this, by crystallization from glacial acetic acid, two substances were isolated. — 


a) The first “(about 1%) crystaliized out after ‘cooling ‘the acetic acid sol-. 
ution and was obtained, etter recrystallization, in the form of yellow reedles, 
m.p. higher than 300°. The substance does not contain chlorine and yields anthra- 
quinone, m.p. 285°, on oxidation with chromic acid in acetic acid. I€ gives a 
bluish-red solution in conc.HsS0,. Its structure. was not established. 1 we 


‘The second substance (about 1h which was dtauting the fil- 
trate, was obtained, after crystallizing twice from alcohol, in the form of’. ©. 
light-yellow crystals, melting over the range 161-170°; it was identified as a- 
mixture of 9,10-dihydroxyanthracenre avd oxanthranol. The substance does not. -.- 
contain chlorine, dissolves in a 3-14, soluticn ef caustic soda te give a red sol- 
ution, and rapidly oxidizes to It gives a wine-red soluticn 


sulfuric acid. A mixed reltirg with synthetic 
_Shows no depression. 


- 


By acidification of the ‘brown ish-yellov filtrate, a substence was ‘See, 
which was identified with anthranol (about 3%). After crystallizaticn fromal~ - 


cohol, it was obtained in the form of Wwouiibh-geitew needles, m.p. 161-167°.-. 
The substance does not contain chlorine, gives a brownish-yellow solution in 


It gives a greenish- 


and is chromic acid to 


: 

. 


{ 

: 
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yellow solution in conc. 12804, which ‘Sesues bluish-red on the addition of 

nitric acid.. It shows a blue fluorescence in alcoholic solution.- Positive re= 
sults are obtained in the characteristic reaction for anthranol [10]: by the 
,action of fuming nitric acid a substance is formed that, after precipitation é 
with water, may be dissolved in alcohol to give en — i wa solu- 
tion becomes violet on addition of alkali, 


2. The residue after the treatment with aqueous alkeli was teeia; re- 
peatedly with a solution containing, per 100 ml, 8 g of sodium hydrosu] fite end” 
8 g.of caustic soda at a temperature of 60-80°. After oxidation of the red - 7 
filtrate by means of the oxygen of the (61-62% 265-206", 
was precipitated. 


3. The residue after the sehaviditons of alkali-s oluble compounds and of 
anthraquinone comprised about 25% of the anthracene taken and consisted of an-~ 
thracene and 9,10-dichloroenthracene, the amounts of which were determined in the 
following way: the material was recrystallized from a very small amount of gila- 
" efal acetic acid, and the product (0.3574 g, m.p. 160-170°) was dissolved in 10 
ml of glacial acetic acid and heated with e solution of 5.4 g of Cr0g in 8 ml of 

50% acetic acid for 20 mins the solution was then poured into 100 mi of ice- 
water, and the precipitated anthraquirone was filtered off, washed, and dried. 
Weight of anthraquinone, m.p. 285° » 0.3630 g. Hence we find: anthracene 53.2%, 


Found %: C1 13.41 
Calculated %: Cl 13.7 (according to the adiiaahiaias found). 


After several crystallizations of the remaining mixture,” anthracene, MP. 
214-215°, and 9,10-dichlorosnthracene, m.p. 208-209°, were isolated. Conse- 
quently, by the action of chlorine water on anthracene at 15-16° for 50-60 hours, 
a sere of products were obtained, among which the following were found: 


Anthrahydroquinone oxanthranol 1 ig 
9,10-Dichloroanthracene ~ 104, 
Anthracene (unreacted) 134 . 
Substance, m.p. > 300° ~ 


’ Some Pry on the mechanism of the reaction. As is well known, - 
anthracene is peculiar in its chemical behavior in that the initial reactions 
generally consist in addition reactions of various species to the meso carbons of 
anthracene, and anthracene stands more e closely in this respect to the olefins 
than to the aromatic hydrocarbons. Thus, when halogenated, nitrated, hydrogen- 

: ated, or metaliized, and in diene syntheses and in the formation of photo-oxides, 
‘anthracene forms, in the first stage, stable addition products, whereas no such 
addition products have been isolated in the analogous reactions of benzene and 

‘ maphthalere. We corsider that in the oxidation of anthracene the first step in 
the reaction is the formation of addition products of anthracene, aithough some 


of these (e.g. Lave isolated in the 
‘free. condition. 


- 


- 


We consider that when anthracene reacts with ‘enteetes water tuo simultaneous ; 
oxidation processes occur: in one of these chlorine takes part, and in the 
other — hypochlorous acid. This idea is in agreement with Shilov’s views {11] ‘on 
the process of chlcrine bleaching, which he has developed from the kinetics = 
_ the of acid at a bond {12}. to 


' . 


Shilov, the reaction of chlorine water ‘with’ agent ‘te ‘de treated as: 
a complex process, comprising oxidation, addition, and chlorination 


1. One of us [2] has previously Sa aN that the oxidizing ‘agent ‘nC 
chlorine water is the molecule of chlorine at the moment.of its reaction with — 
water. We have assumed a mechanism for the oxidation of anthracene by chlorine 
water in which chlorine molecules that have been the electric 


+8 -§ : 
‘Thus we assume that on: the equilibrium existing in chiorine water we sien 
as well as chlorine molecules, water, hypochlorous acid, hydrogen ions, and chio-- 
rine, also chlorine molecules that are polarized in the. electric field of water 
molecules, in accordance with the following equilibriun asancuad ‘ 


f™ 
le + Cl = HOCL + EY (7) 


The nechanisa of the oxidation of anthracene with the 
of the moleculess 


- 


+8) "28 


has been indicated previously by one ‘of the authors [2]. 


The delaying effect of hydrochloric acid is to be explained by the » dteplace- 
ment of the equilibrium of Equation 7 from — to left; _ the compound of the 


- 


2. The oxidative process that is to be attributed to heidbibiiin acid, which 
is formed by the hydrolysis of chlorine in accordance with aaa a proceeds 
by the following reactions. 


CeH4 +3800 = CGH, + + Ho0. 


The hydrochloric acid that is formed in acccrdance with Equation 8 will 
clearly displace the equilibrium of Equation 7 from right to left, so that the. 
concentration of hypochlorous acid will fall and reaction 8 will be slowed down. _ 
The equilibrium reaction. 7 is the of the reactions cccurring end eater 
mines the order of the reaction. - 3 


The mechanisms of the reactions that expiain the formation of ‘ihe ‘iishie . p 
indicated above may te formulated in the following way. As the meso carbons of -. 
anthracene are nucleophilic centers, they will be subject, above all, to the -. 
action of the halogen (G2) which is poor in ee, of the hypochlorous acid, 
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‘with of the hypothetical (x), which can’ react with water, accor 
ding to (a) or (bd), or can react with any anion in the solution, | 


The course of the successive reactions of anthracene with yochtorous « acid 
ere shown in the diagrammatic scheme. | 


4 


We have not succeeded in isolating, as ‘seins aes 9-chloroanthracene 
(11) end 9-chloroanthrone (III), but they ere probably formed, -- 


This interpretation of the oxidation of anthracene by means of chlorine, ; 
water is in accord with the reactions of anthracene with bromine in — ace= 
[9] and cf olefins with hypochlorous acid (13). 


+ HO C1 


II. Oxidation with Dichromate ong 


Experimental Procedure. The ‘deterninat! on of the rate of reaction of an- 
thracere (9,10-dichiorcacthracene) with dichromate or permanganate was carried 
out in a three-necked round-bottomed flask of 250 ml capacity with a reflux con- 
deuser. Through the condenser there passed a therroreter, a stirrer, ard also a 
T-tube, in the side arm of which a glass rod was fixed by means of rubber tubing 
so that it heid back a thin-walied test-tube containing the weighed amount of 
anthracene (9,10-dichloroanthracene), When the test-tube containing the sample 
had been placed in position on the rod, the upper end of the T-piece was closed 
with a stopper. The speed of stirring was kept constant (8-90 rev/min) in ail 
Oxidizing agent, as a 0.1 N was: known excess 


+ 


over the amount calculated the equation for the oxidation of enthra- 
cene (9,10-dichloroanthracene) to anthraquinone. . 


. The test-tube containing the weighed emount of (or 


anthracene), which had been mixed into a fine suspension with 4 ml of a 1%.s0lus: 
tion of sulfuric acid or with 4 ml of @ 17.5% solution of caustic potash, was 


lowered, by withdrawing the rod, into 100 ml "of the 0.1 N solution of the oxidis= - ey 


ing agent, heated to boiling point (on a glycerol bath). The reaction was cone: 
sidered to start from that moment. After a definite interval of time, the solu- 


tion was cooled rapidly and filtered. The amount of oxidizing agent remaining | AP 


after the reaction was determined by iodometric titration. ‘ * 
The results of the experiments are given in Tables 8 end 9 and in‘Fig! er: 


It will be seen from Tables 8 and 9 and from Fig. 2 that, in the first place, ; 


the rate of oxidation of anthracene, both in acid end in alkaline medium, is ~-- 
notably higher than that of 9,10-dichloroenthracene and, in the second place, 

that the rate of oxidation of 9,10-dichloroanthracene is higher in alkaline med< 
ium than in acid mediun, - The latter fact leads us to assume that in the general. 


TABLE 8 
Oxidation by potassium dichromate in presence of sulfuric acta 


Amount Amount. [Amount |[Theor.requ-jAnt. of oxid- 
taken of. ox- of ox- fired amt.of}|izing agent 


(g) idizing | idizing Joxidizing |used as % of 
agent agent agent (ml [theor. reqd. Remarks 
(mli used (m1]0.1 N) amount ‘ 


0.1 N N at 
Anthracene 
0.2981] 30 | 101.1 14.70 102.0 14.31 In all cases, 2 or 
0.2953} 60 101.1 22.59 101.9 | 22.3 - 3 experirents were 
0.2961] 120 | 101.1 46.70 101.3 46.10 carried out for 
0.2909] 20 101.1 . 67.12 . |- 99.54 67.45 each period of time 
9,10-Dichloroanthracene 


0.4383] 60 101.1 0.12 36.04. f° 
0.4403] 120 | 101.1 0.57 36.65 a 
0.4292] 240 | 102.1 2.64 36.33 * 
0.4176] 366 | 101.1 A 60° 


chain of from 9,10- &ichloroanthracene to the oxidation” 
reaction is preceded by the replacement of the halogens by hydrexyls with fo aa< 
tion of 9,10-dihydroxyanthracene. - 9,10-Dihydroxyenthracene appears to be ; 
intermediate product also in the oxidation of anthrecene. These considerations ° 
and also the fact that in oxidation reactions the meso carbon atoms of“anthra- ~ 
cene in taking up the ccnfiguration of anthraquinone lose three electrons, where- 
as 9,10-dichlorcanthracene loses only one electron in the sare precéss, lead one * 


to assume the following Scheme of changes: 4 
1 


! 

| 


we 


¢ 


Oxidation by potassiua pérmangenate in alkaline 


Amt. oF OX- 


Theor. 


taken required idizing 
(g) emt of ox- | agent used y 

seer idizing a- | as % of Remarks 
gent (ml thedr. reqd. 


amount 


Anthracene 


0.1488] 15 | 99.49] | ° 1 49.42 
. 0.1493} 30 99.49 | 57.93 84.72 68.38 | | 3 experiments were. 
0.1485} 45 99.49 | 75.85 84.27 | 90.01 carried out for 
0.2486] 60 99.49 | 8.10 84.34 100.8 each period of time 
0.6186] 30 “99.49 | 14.33 8h. 34 
0.6186 | 60 | 99.49] 27.76 83.65 | 33.18 
0.6158 | 120 99.49 | 52.2 83.95 62.18 
0.6186 | 2ko 99.49 | 76.64 84.54 90.87 ra mee 


Fig. 2. Oxidation of anthracene (curves 2,4) and of 9,10-dichloroanthracene 
(1,3): 1) KoCra07 + HoSOz,aq (9,10-dichloroanthracene); 2) KoCro07 + 
(anthracene); 3) KMn0, + KOHaq KMn0, + KOHaq. 

(anthracene) 


1. Measurements have been made of the rate of the reaction tetween anthra- 
cene (9,10-dichloroanthracene) in aygueous suspension and chlorine at 2-3° and 
at 15-16°, using chlorine concentrations ef 0.01 N and 0.05 N. The oxidation . 
by chlorine of anthracene in aqueous suspension proceeds as a first-order reaction 
with respect to active chlorine. The reaction rate increases with increase in. | 
the concentration of active chlorine and is reduced by the ae came: acid 
that is formed; it is the 


HCl 


: 2. It has been shown al the rate of oxidation of anthracene by chlorine ke 
water falls sharply towards the end owing to the formation of 9,10-dichloroanthra- ~ 
cene, for the rate of the oxidation of the latter is many times less than the 

rate of the anthracene reaction. 


3. The products of the oxidation of anthracene by aqueous chlorine at 15- Ee 
16° for 60 hr have been isolated and identified. They are: anthragquinone (62%), ioe: 
9,10-dihydroxyanthracene and oxanthranol (74), 9-hydroxyanthracene (34), 
dichloroanthracene (12 %), and unchanged anthracene (15%). 


4, The mechanism of the oxidation of enthracene by aqueous. chlorine has 
been indicated. 


- feasurenents have been made of the rate of oxidation of anthracene and . 
of 9,10-dichloroanthracene by the agents: + H2S0<89 and 
KMn0, + KOHaq. 


It has been shown: 1) that the rate of oxidation of sities: both in 
- acid and in alkaline solution, is many times higher than the rate of oxidation 
of 9,10-dichloroanthracene, and 2) that the rate of oxidation in alkaline mediun 
is 4 to 5 times higher than in acid medium in the case of ———, = is 60 to 
60 times higher in the case of 9,10-dichloroanthracene. oy 
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"REACTIONS OF AND TOLUENE 


. 


1. end L. M. Feofanova 


The isomerization of cycloalkanes, particularly the conversion of one ring 
into another, under the action of anhydrous aluminum bromide or chloride has been 
studied over a long period by Zelinsky and his coworkers [1], and also by some 
foreign authors [2]. A number of investigators have noted that reactions of 
enother type occur at the same time; these consist in the transference of methyl* 
side groups from one ring to another. Thus there are indications that the iso-. 
merization of cyclohexane into methylcyclopentane in presence of acne chlor- 
: 


(A1C1, ) 


which has been studied over a rahge ‘of temperatures and is accompanied 
by the formation of a certain azount of 1,3-dimethylcyclohexene [3]. - 


An analogous process consisting in the redistribution of methyl groups anong 
. molecules under the action of aluninum chloride is observed also in the reactions 
of xylene [4]. One of us has shown [5] that when aluminum chloride acts upon 
en equimolecular mixture of xylene and benzene at 250-300° a redistribution of 
methyl groups occurs with formation of toluenes 


CeH4(CEs)2 + 2CoHsCHs. 


In this connection it appeared to be of interest to determine the behavior 
of the simplest homolog of benzene, toluene, and also of methylcyclohexane, in 
contact with anhydrous aluminiun chloride at a comparatively low temperature (80°), 
i.e. under conditions that preclude, on the one hand, the occurrence of cracking 
and, on the other hand, the formation of more complex polycyclic systems. In. 
the investigation of the behavior of methylcyclohexane under these mild conditions — 
it was of interest to determine whether in addition to dimethylcyclopentanes ~— — 
the possible products of the isomerization of oa atta with eee 
of the ring -— dimethylcyclohexanes are formed.” 


. 


In the experiments with toluene, the aetermination of the possibility of - 
the formation of benzene and xylene under the selected conditions was of special - . 
interest. The main experiments were carried out with fairly large amounts 
(400 g of each) of methylcyclohexane and toluene, and it was therefore possible, a 
by the aid of precise rectification, to identify all the products of the possible kee 
reactions, even when they were formed in small emount. Investigation of the re- ; 
action products showed that the main reaction of methylcyclohexane in presence 
of aluminum chloride at 80° is isomerization with shrinkage of the ring into . 
(mixture of and 1,2 isomers): 


a 
a 
i 
‘ 
* 
» e a . ; 
4 4 
i 
: 


This equilibrium stands very much on the left side under our conditions, 
for only about 2-5%, depending on the time of contact with AlCls, of the methyle-. 
cyclohexane taken is converted into dimethylcyclopentanes. Transalkyletion, i.e.. 
the redistribution of methyl groups, occurs to an insignificant extent: only 
very small amounts of cyclohexane and dimethylcyclohexene could be found among 
the reaction products. When toluene is brought into contact with aluminum chlor- 
ide under analogous conditions, redistribution of methyl groups is more in evi- 
dence. Among the reaction products there were found, in addition to the main 
mass Of unchanged toluene, benzene end all the isomeric vith predom- 


EXPERIMENTAL 


Reactions “a Methylcyclohexane in the Liquid Phese in Presence 
of Aluminum Chloride 


Pure synthetic metbylcyclohe xane, b.p.°99.8° at 736 mm, 1.4225 and 


, ’: 7692, was taken for the experiments. The reaction was carried out in a 
PRs necked flask provided with a mechanicel stirrer and a long reflux condenser 
with a calcium chloride tube. The temperature of the reaction mixture was hr gal 
tained at 80° by means of an oil-bath. 


The time of the of in contact with 
chloride varied from 4 to 24 hr. In different experiments the amount of aluminun 
chloride was varied over the range 4 to 20% on the weight of methylcyclohexane 
taken. Two series of experiments were carried out. The conditions employed in 
the first series are shown in Table 1. In no case.was the evolution of gaseous — 


products observed; the hydrocarbon and the aluminua chloride did not change ap-" a 


- 


TAELE 1 . 
Conditions in the first series of experiments with 
Amt. of Ant.* of Duration of Amount of catalyzate obtained 
of methylcyclo- | aluminum experiment 
expt. | hexane chloride (hr) 


($) 


96.4 
2 94.0 
3 93.9 
94.5 


At the end of the the was off from the | 
elusinun chloride and washed in a first with a solution 


of caustic soda and then with water; it was dried over calcium EN The 
refractive indices of the catalyzates obtained varied inappreciably (1.4230 
1.4238) and differed little from the refractive index of the original methyle~... 
cyclohexane. All the catalyzates were fractionally distilled using a column with 
a metal filling and with an efficiency of 28 theoretical plates. ‘Independently 

- of the conditions under which the experiments were carried out, they all yieldeg os 
fractions boiling in the range 88-100° at 752 mm. The corresponding fractions: 
(88-95°, 95-98", 98-99° and 99-100°) of the catalyzateg from all the four exper. 
iments were united and again fractionally distilled in the same column. -. eee 


The results are given in Table 2. 
TABLE 2 


_Resulte of the Fractionation at 750 mm of the Fractions 0 tained 
from the Catalyzates of the First Series of Experiments}, . 


Fraction Yield of fraction , . 
No. . (% of united 
catalyzates) 
0.56 
2 1.54 
4 
2 
6. 87.90 


For the fractionation, in all 837. Og of the seperate fractions of the 


‘The residue (25.5 g) obtained in the second distillation of the catalyzate | 
-— “fractions, on subsequently distilling over sodium (745 mm), came over within the 
range 99. 9-100". The new small residue (about 2 g) was a dark-brown resinous © 


: As will be seen from Table 2, the first 3 fractions do not differ essential- 
ly in their properties from the original methylcyclohexane. Judging from its .- 
initial boiling point, fraction 1 may contain a certain emount of a to-__ 
gether with possible dimethylcyclopentanes. 


Fraction 2 (90-91°) is very close in its to 1,3- 
cyclopentanes. Thus Zelinsky [ 6], gives the following constants for 1,35-dimethyl- er: 
cyclopentane: b.p. 90.6-90. 8°; iy 1.4096; 0.7543; 1,2-dimethylcyclopentane, 


according to Chavanne [7], has: b.p. 90.95° at 741 mm, n ni? 1.4093 and 42° 0.75137. . 


Fraction 5, is an intermediate one; it was not investigated furth- 
er. 
In order to elucidate the nature of entering 
the composition of these fracticns, they were subjected to Zelinsky's catalytic -.. 
dehydrogenation treatment. Piatirized silca gel was used as catalyst (10% Pt). 
Each fraction was passed 2 to3 times over the catalyst at 300-305° until the re-- 
fractive index did not change further. After the aromatic hydrocarbons in the- ; 
catalyzates formed had been estimated, they were removed by means of sulfonation.. - 
Fractions 1 and 2 were then again isomerized in presence of aluminum chloride, begtes 
The isomerates obtained, after suitable treatment, were dehydrogenated over the pag 
Same catalyst. The results of the investigation of the first four fractions OF ee 
separated from the united isomerizate are given in Table 3, ~~ ; eae 


i 


TABLE 5 
Invéstigntion of the Reaction of Me thyleyeiohexane ‘tn Contact! vith 


(First Series of Experiments) 
Frac- Properties of the original fraction] 

tion |Boiling 
No. |frange, °C D 


Properties of fraction after dehydro- 


az? 


Content of aroe-. 
matic hydro- 
carbons’ 


t 


1.4125 | 0.7538 1.4160 | 
1.4100 0.7507) 1.4105 0.7498} Traces“ 


Ww 


1.4245 (a)1.4235 


(b)1.4335 
(c)1.435 | - 28.5 
95-98 1.4220 0.7602 (a)1.4495 ~ 


As will be seen from this table, on passing the 80.5-90° 


fraction over 
Pt-silica-gel, its refractive index changes to an insignificant extent. -There 


. was 3.3% of aromatic hydrocarbons, evidently benzene, in the catalyzate. -.The 
benzene would be formed from cyclohexane, which could arise from methyl-group 


transfer among methylcyclohexane molecules. Owing to the insignificant a- 


mount of this fraction, we aid not succeed in wesc - identifying yen 
zene, 


It will be seen aes from Table 3 that this refractive Silvis of the 90-91" 
fraction remained practically unchanged after dehydrogenation. In the cata- 

lyzate obtained, no aromatic hydrocarbons could be detected. In order to con-_ 
firm the natural supposition that this fraction contains mainly cyclopentane 
derivatives, the catalyzate obtained was isomerized in presence of AlCls at 

80° and then catalytically dehydrogenated at 300°. -The results of the esti- os 


mation of aromatic hydrocarbons in the condensate obtained confirmed our sup- © 
position. 


‘After the catalytic of fraction 3 (91- 95° 
three times, a condensate containing 28.3% of toluene was obtained, which 
points to the presence in the fraction of eek 30% of ren ape methylcyclo- 
-hexane. After the dehydrogenation of fraction 4 (35 - 98°), 94% of aromatic 

7 bydrocarbons was found in the catalyzate. It therefore follows that this 
fraction urcharged me 


R 


eactions of Meth Aeyelohexare Presence an 
(tc 20%) of Aluminium Chloride 


‘The second group of experiments with methylcyclohexane was enrtet out’ in 
the same apparatus under conditions analogous to those used in the first series 
of experiments, apart from the amount of AlCl3 taken, which was 20% of the weight. 


TABLE 3 (Continued) 


Zavert tention o the Products of the Reaction of Nethyleyclohexane contact vith 
Aluminum Chloride 


Properties of' 
the aromatice 
free residue 


of the 


of the 
zate freed from arcmatics] isomerizate after 
and then isomerized over | dehydrogenation 


Properties of the 
catalyzate efter 
removal of 

eromatics 


Content of 20 


1.4095 | 0.7496 1.4210 0.7660 (a)l. “4680 
4870}. 87.0 fi. ne 0. 


1.4115 | 0.792 | 1.4190 


1.4175 


Results of the Second Fractionation (at 755 mm) of the United Fractions of the - 
Catalyzates of the Second Group of Experiments WAS, 


Frac Boiling | Amount Yield of fraction 
tion | range (g) On original |On the total 


hexane 
1 | 82-87 | 4.4% 12.4050] 0.7515 0.6 0.7 
2 | 87-89 26.2 }1.4113 | 0.7499 3.9 
3. | 89-91 | 10.5 |1.%105 | 0.7504 
4 | 91-98 | 20.0 |1.4e10]0.7660 | 2.5 
5 98-99 | 35.0 |1.4229 | 0.7683 
6 | 99-100.2]568.0 |1.4230]0.7692 | 72.0 


of whvddesen taken, and the duration of the reaction, which was increased to: bee 
24 hr. Two experiments were carried out in which methylcyclohexane was treated _ 
with AlCls under completely identical conditions. In the first of these (No.5), 
400 g of methyclcyclohexane was taken, in the second, 390 g. The two isomeri-  - 
zates obtained were first distilled separately through the same column of 28 . 
gg Fractions boiling within the range 82-100° at. 755 mm were 


a 
. 


were then united and again fractionxted through the same column. The results 
obtained. in the second distillation are given in Teble h, 


Fractions i, 2, and 7 were catalytically dchydrogenated at 300° (see 
Table 5). .The contents of aromatic hydrocarbons in the catalyzates obtained 
were determined by the sulfuric acid method. In the catalyzate of fraction 1, 
(82-87°), 19% of aromatic hydrocarbons was found. According to its ectahe, 
the residue of this after from aromatics was 1,3- 
clopentane. 


After fraction 2 (87-89°) had been over 


its refractive index suffered an inappreciable change, which gives us reason 
to consider that it consists mainly of dinethyleyclopentanes; its — 
cal properties are in accord with this view. . 


In order to elucidate the nature of fraction 7 (124- 131°), Sian 18° 
1.4230 and az? 0.7606, it was subjected to catalytic deh drogenation. After 
two passages over Pt — silica-gel, a catalyzate having pjp 1.4933 and a%Z° 
0.8623 was obtained. Fractional distillation of this catalyzate: at 740 ma 
yields the fractions: 


- 


Fr. 1; b. pe. 0. 21g; 
Fr. .2, b.p. 117-135° - 0. oh g. 
Both fractions were oxidized by Ullmann's method [8]. ri ? 


TABLE 5 - 


venie of the Products of the Reaction of Methylcyclohexane in Presence 
of 20% AlCls 


Frac-| Boiling After dehydrogenation Properties of the cata- 


tion |range |lyzate after removal of. 
No. |(°C) romatics 
az° 

1 82-87 }1.4050 | 0.7515 - 1.4035 |0.7452 

2 87-89 11.4113 | 0.7499 1.4087 [0.7482 

1 124-131]1.4230 | 0.7606 |(a)1.4898} 


(b) 1.4933] 0.8623 


The separation of the acids obtained was carried out by the method des- 
cribed by Mcidavsky, Kamusher, and Kebyiskaya [9]. As a result of the oxida- 
tion of the 111-116° fraction, benzoic acid, m.p. i21°, was obtained. From 
the products of the oxidatioa cf the 1:7-135° fraction, after separation 
of benzoic acid, the methyl] ester of iscphthalic acid [9] ,. mip. 62-6%°, was 
obtained. The presence of isophthaltic acid in the a proiucts of this 
fraction indicates the presence of m-xyleae in the catalyzate. The m-xylere 
is evidently formed as a result of the methyl-reiistributior reaction of nethyl- 
in presease of aluminium chloride. 


~ 


° 


Bpactions boiling in identical ranges (82-87; 87-89; 89-91; 91-98; 98-99°) 


‘ 

e . . ® rd 


"Reactions of ToTuene in the Liguid Phase in of Alusinus 
Chioride 


- the with toluene » the question of the sosstbility of the 
formation of benzene and xylene in presence of aluminun chloride under our 
conditions was of fundamental interest. .The toluene taken for the experiments | 
was first distilled through a column (see above); it hdd the 
ties: b.p. 109. 5~110° at 750 mm; 1.49653 0.8566. 


The reaction was carried out the conditions used for 
hexane, the time in contect with aluminum chloride being 8 hr. In different 
experiments the emount ofaliminum chloride was varied from 4 to 108. on the 
weight of toluene taken. . 


As 4t vas found that the the use of 
mounts of AlCls did not differ essentially from one enother, they vere all © 
united for further investigation. In no experiment was the evolution of gas-_ 
eous products observed. -The color of the hydrocarbon did not change appre- 
‘ciably, but a small amount of a dark-colored resin-like layer was formed on the 
bottom of the flask. 1426 g of toluene was treated in three batches with alun- . 
inum chloride. 1123 g of a hydrocarbon layer and 338 g of e toluene — ealuninun 
chloride complex were isolated. The hydrocarbon layer, after being washed.and 
dried with calcium chloride, was fractionated over sodium through the colum at 
mom. Three fractions were separeted; their are in Table 6. 


. 
ee 


TABLE -6 


Results of the Action of AIC). on . Toluene 
Yield of fraction: a 


Weight (8) originallon isoneri-. 
toluene 


1.4980 18.8 
1.4965 948.0 84.4 


"Fraction 1 (80-108° ) was again fractionated under the same conditions; 
12.5 g of benzene, d.p. 79.5- 80° at 753 np? 1.4995; 0. 87555 
isolated from thie fraction. 


The properties of Fraction ‘2 indicate it to te almost unche 
(108-111°). Fraction 3 (110-141°) was separated by fractionation through the - 
column into five fractions, the properties of which are given in. Table 7. 


The data in Table 7 ‘show that, as a result of further fractionation of the- 
110-141° distillate, xylene fractions boiling over the range -136-141° have been 
Separated; the total quantity of these (without the resicue) was 29.3 g, or 
about 2%, calculeted on the original toluene. In order to determine the struc- — 
tures of the xylenes, the fractions obtained (136-139°, 139-141°, and also the © 
part boiling at 141°) were oxidized by Ullmann's method [8]. The. relative ae 
émounts of isomers in each fraction was established by seperation of the acids: . 
obtained by oxidizing that particular fraction. The separation of the acids 7 
was carried out by the method described by Moldavsky and coworkers [9]. The ~ 
results of the analysis of the oxidation products are presented in Table. 8. 


_ It follows from the results given in Table 8 that the 136-139° fraction 
consists essentially of m-xylene, the fraction comtains a considerable 


. . 
. . 


. 
‘ 


No.of |Boiling 
fraction] range (°C) | 

ed --- 

2 108-110 . 


TABLE 7 TABLE 8 


Results of the Refracticzation of the . Results of the Analysis of the Oxidation 
110-142° Fraction Products of the Xylene Fractions 


Boiling | Amounts of the acids obtained 
range of| (% of total quantity of oxid- 
fraction ation products 
126-136 -Johthali¢ {phthalic 
136-139 
139-141 
Residue 


‘ amount of m-xylene (63.2%) chieutiale with appreciable amounts of o- and p-xylenes,and 
. the part of the catalyrate boiling at 141° consists mainly of os though even 
-here there is appreciable admixture with ee 


SUMMARY 
1.°A study has been made of the reactions of methylcyclohexane in the liquid 
phase in presence of anhydrous eluninum chloride at 80° under ncermal pressure. 


2. It hes been established that when methylcyclohexane reacts with aluninun 
‘chloride under these conditions it not only iscnerizes with shrinkage of the ring 
into dimethylcyclopentane, but also undergoes the process of methyl-group redis- 
tribution to é ensll extent and, as a result, dimethylcyclohexane and cyclohexane ~ 
are formed. 


3. It hes been shown that in the reaction of aluminum chloride with toluene 
under analogous conditions there is a redistribution of methyl groups resulting 
in the formation of benzene and a nixture of isomeric xylenes.. 
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COMMUNICATION EFFECT OF THE CARBON MONOXIDE ‘CONCENTRATION on: 
HYDROCONDENSATION REACTIONS OF CARBON 


(WITH FROPENE’ AND WITH n-BUTENE 


"We hive ‘shown that equimoleculer mixtures end hydrogen 
[1], propene and hydrogen [2], and ethylene end hydrogen [3], containing 4-7% L 
carbon monoxide, undergo catalytic hydrocondensation with formation of a wena ‘ 
product that consists of saturated aliphatic hydrocarbons and olefins.. Foran . -- 
ethylene-hydrogen mixture it was shown that this reactim does not occur in the . 
complete absence of carbon monoxide in the original gas mixture, the —n being -° 
then hydrogenated to ethane. An ethylene~hydrogen mixture containing 15% of car- 
bon monoxide, e.g. 1C0:2Ho:3CoH,, undergoes also the hydrocondensation (4). 
About 804% of the original ethylene participates in the formation of the condensate,:~ 
and 20% is hydrogenated to ethane. The liquid condensate, which is essentially a -- 
mixture of aliphatic a admixture of organic. 


EXPERIMENTAL 


The ald work _— aS its object the investigation of the effect of the. 
carbon monoxide concentration on the hydrocondensation reactions of carbon monoxide -. 


with propene and with n-butene. -The apparatus, procedure, and experimental condi-.. 


tions, and elso the preparation, purification, and analysis of the gases, were the 
same as in the previous work [1,2]. For the preparation of the initial gas mix- 
tures, ad 4 propene, prepared by the dehydration over aluminum oxide of isopropyl 


alcohol, b.p. 81-81.5°3 0.7898; n@° 13779; Found MR, 17.53; calculeted MR, 17. 58, 


was used. After condensation, this propylene was redistilled through a Davis column’ 
over the range —46.5 to -45°. The butene used in the experiments was grepered : from . 
alcohol as in the previous work {1}. 


The Experimental and 


1. Experiments with propene. Experiments, analogous to those carried out ~-~ 


with ethylene [3], were directed to the study of the dependence of the degree of __ 
polymerizability of the propene-hydrogen mixture on the carbon monoxide concentra- 
tion, which varied over the rangé 0+22% of the initial gas mixture. The results 

are given in Tables 1, 2 and 3. 


The experiments were carried. out over freshly reduced catalysts 21, (22, 23, 


(24, 25, 26, 27 and 28 with a space Nelocity of &C-100 liter/liter hr. 


Experiment 148 (Table 1) was carried out with a gas mixture prepared ‘from a 
Propene that had been twice condensed at -70° with removal of the gaseous residue ' 
by pumping, then passed in the gaseous condition, after the usual aa. 
through columns Cuprous the gas being .. 


. 


CATALYTIC ‘HYDROCONDENSATION OF CARBON MONOXIDE WITH OLEFINS. 
By 
4 


forced through the Schott filters in the bases of the coluans. This was done with 
the aim of freeing the gas completely from carbon monoxide, which may be formed as 
e by-product during the dehydration of the alcohol,. owing to decomposition of the . 
aldehyde. the amount of carbon monoxide in the initiel gas of 


TABLE. 


of oil 
(H + L) 

ml/liter 
per 


12.0 0.0 1.0 | 51.2 0.0] 27.0] 27.0]° 6.0 1.8 
12.0 0.2 1.0 | 0.0} 20.5] 20,5) 0.0 “14 
* 6.0 1.3 1.0 | 51.0 12.0} 84.0} 96.0] 0.14 |. 6.5 
5.0 1.8] - 1.1 | 47.0 32.1 | 128.4] 160.5] 0.25 12.5 
6.0 2,0 6.9 1.90.5 23.9 | 161.7] 185.6] 0.15 12.5 
6.0 |. 2.8 1.0 | bh.o 40,0 | 131.6],.171.6] 0.30 11.9 
6.0-] 3.7 1.4 | 52.4 43.6 | 217.8] 261.4] 0.20 26.6 
6.0 5.7 1.1 | 47.4 97-7 | 293.1} 390.8] 0.33 29.4 
12.0 | 5.7 1.1 | 66.4 | 239.8 | 337.7] 577.5] 0.72 35.5 
11.2 6.2 0.9 | 69.5 |! 277.4 | 275.1] 552.5] 1.01 36.1 
6.0 | 11.6 1.6 | 52.2 | 216.5 | 97.0] 313.5] 2.23 | 30.6 
5.0 | 13.6 1.5 | 44.8 | 125.4 | 66.0] 191.4] 1.90 19.7 
6.0 | 14.2]: 1.2 | 39.0 | 102.3} 40.1] 142.4] 2.55 13.0 
6.0 | -15.4 1.4 | 32.9 &.8 | 18.5] 104.3] 4.63 10.6 
6.0 | 18.4 1.8 | ho.2 98.2 | 30.5] 128.7] 3.22 | 11.7 
6.0 | 22.0 1.9 | 38.5 82.5 | 29.71 112.2] 2.78 10.6 


Expt. Composition of initial gas (vol.%)*| Composition of effluent gas (vol 


199 3.2 6.0 3.7 7.0 45.8 | 8.8 0.0 32.3 13.0 
147 7.3 3.2 5.7. 2.8 17.8] 7.1 1.3 57-1 15.2 
14h 42.2 46.6 6.2 4.6 0.5] 1.4 0.5 72.6 23.9 
156 49.6 30.9 11.6 6.0 62.4] 7.6 1.8 16.5 -| 7.3 
161 49.4 30.2 13.6 3.5 66.4] 9.0 7:2 9.9 
157 43.0 36.6 14.2 4,8 58.4 115.6 8.4 7.8 8.2 
158 46.2 32.3 15.4 5.0 58.8 |17.0 | 11.6 - 4.6 6.4 
160 [48.0 | 26.5 18.4 5.5 66.4 | 6.6 | 13.0 5.7 6.1 
159 48.0 25.0 22.0 3.9 [15.4 5.7 5-5 


2) The defect fron 100% must be ‘regarded as oxygen. 


The defect from 100% must be regarded as oxygen and carbon ‘Aioxide “the 
Died content of which attained 2-34 in some of the gases. , 


. 148 was nil with a possible error of 0. 054, the method of eattaction tail more ac- 

' Curate than the usual gas-analysis method. In this experiment, as also in Experiment 
149, in which a gas mixture containing 0.2% of carbon monoxide was used, the yield _.. 
of oil was nil and that of light oil enall ml/m?, or 1: . 
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cat-lexpt| Dura- | co in| Volume |con- “| Yieva (m1/m%)° Volum | 
al- | No. | tion init-| retio | tract- 
: of jal CsHe:He | ion ° ° of o H/L 
” expt., | mix- in in- heavy | light (H+ 
hours ture, itial oil L) 
| ‘eo | 

22 

92 1150 
23 | 152 
ok | 153 
22 151 
26 | 155 
2 | 154 
21 | 147 
21 | 144 
27 | 156 

27 | 157 
27 (1158 
28 1160 
28 1159 | 

| 

= 


Anount that reacts 


Ratio of the cting . 


No.of CO in tt 
experi-| initial gas ~ end COO. 
nent b : : He /CO [COP 
155 3.7 60.3. 88.7 100.0 8.7 
147 57 | 815 90.3. |. 92.6 Toh. 
14h 6.2 99.7 99.1 97.0 9.7 9.1 
156 1.6 39.3 88.3 91.1 2.5 1.6 - 
161 13.6 26.0 84.6 70.9 2.7 1.3 
157 14.2 17.0 74.0 63.9 2.9 0.8... 
158 15.4 14.5 64.7 49.2 2.7 0.6 
159 22.0 | 16.2 89.0 57.0 1.8 0.6 . 
ml/liter hour, to 577.5 mi/m’, . or 36.1 ml/liter hour, also the volume ratio of | 


heavy to light ofl increases from 0.0 to 1.0, which also indicates an increased’. 
degree of condensability with increase in carbon monoxide concentration. An sine. 
logous relation is observed also for the % of propene that has reacted; this . 


rises from 60.3 to 99.7 when the carbon monoxide concentration rises from 3.7 to- 


With further increase in the carbon monoxide concentration, the yield of - - = '‘- 
liquid condensate and the % of propene that has reacted begin to fall sharply,. - 
and at 144 CO and higher they remain constant at a fairly low level: 10.6-13 c 
ml/liter hour for the yield of oil and 14.5-17.3% for the amount of propene that. 
has reacted. Thus, in contrast to ethylene [4,5], propene does not undergo the : 
hydrocondensation reaction with carbon monoxide when the content of the latter ie 
is equal to or in excess of 14-154. In Figure 1 these relationships are shown . 
graphically (Curves a and b).- 
It will be seen from Table 5 
and Figure 1 (Curve c) that the ur TAR : 


ratios of the reacting volumes of: 

the components, C3H¢/CO and H2/CO, 

are quite different in the regions - Cop ats 

of high and of low carbon monoxide Fars 

concentration. In the low-concen- 

tration region (up to 64%), these Zot Ri 
quantities have the values 7.9-9.1 pte ae 
and 7.4-9.7 respectively, i.e., on 12 
the average 8-9. At carbon monox- = 5 
ide concentrations of 144 and 
greater, the values fall sharply § 
to 0.6-1.8 and 1.3-2.9 respective- 23 CO 


ly. It will be seen from Table 1 
that a certain degree of variab2l- - - 


has no appreciable effect“ ; 


The fraction of reacting hydrogen remains almost independent of the carbon. =» 
monoxide concentration and has the value of 85-99%. Only for a carbon monoxide... —. 
concentration of 14-15% does the fraction of reacting hydrogen fall somewhat (to. °.. : 


159 


. 
: 
= ; 


| 65-744). As regards the amount of reacting carbon monoxide, this falls contin- 


uously as the CO concentration increases, but in absolute amount, carbon monoxide 


reacts to an extent that is 1.5-2 times greater in regions of high concentration - 


than in regions of low concentration. This is deduced from & comparison in var- 


- fous experiments of the product obtained by multiplying the fraction of carbon 


monoxide in the initial gas mixture by the fraction of reacting carbon monoxide 
in the same experiment. : 

It is evident from the results obtained that completely different processes 
occur in the regions of low and of high carbon monoxide concentration. In the © 
first case, propene undergoes the processes of hydrocondensation with. carbon 
monoxide and of hydropolymerization, and these become more intense as the carbon 
monoxide content of the mixture increases. Here there is a manifest resemblance 
between propene and ethylene. In the second case this process is suppressed 
less than 15% of the original propene takes part in it. The main reaction is 
between. carbon monoxide and hydrogen, evidenced by the yield of ofl, 110-140 
mi/m* or 10-13 ml/liter hour, and, particulerly, by the ratio of the reacting 


volumes of hydrogen and carbon monoxide (H2/CO = about 2). Here we elready find 


e difference between the behavior of propene an the one hand and of ethylene on 
the other, for the latter very readily undergoes hydrocondensation with carbon 
monoxide when the content of the latter in the initial mixture is high [4,5]. 
This difference is evidently determined by the existence of adsorption and steric 
difficulties in the case of propene. 


- 2. Experiments with n-Butene. In Table 4 the results are given of experi- 
ments on the hydrocondensation of an equimoiecular mixture of n-butene and hydro- 
gen in absence of carbon monoxide at 190° under atmospheric pressure. : 


TABLE 


Yield of o11 


Ex- 
peri-|tion | Water] (H +L, in 
lyst nl/liter hr) 
No. 
Glass 
beads | 173 0.0} 0.0 0.0] 0.0 0.0. 
+ | 171 0.0]23.5 | 23.5] 0.0 2.0 
34 172 0.0)25.9 | 2.9]°0.0 2.3 
35 «| 174 6.0}51.5 | 57.5] 4.5 
17 8.7|38.5 47.2 | 5.3 2.7 
112.718.5 2 115.0 13.5, 


35 1176 | 


Experiment 173 was carried out over glass beads and was for control pur- 
poses. The remaining experimerts were carried out over freshly reduced catalysts 


3% and 35. 


- It will be seen from Table 4 that in absence of carbon monoxide the hydré- 
condensation of n-butene does not occur to ar appreciable extent. Experiments 
171 and 172 were carried out with mixtures containing buterne that had been care- 
fully purified from carbon monoxide by lique*ying it several times and pumping 
off the unliquefied gaseous residue on each occasion. In these experiments the 


yield of oil was 24-26 ml/m®, and no heavy o1l was obtained. In Experiments 173 


and 174 the original butene was not specially purified from carbon monoxide, and 


7 


TABLE .5. 


|Dur-| Space CO in Vol. |Con-)__ Yield (m1/m®) Yield of |[vol. 
Cat-| per-/ation vel- lorig ratio} trac+ Heavy Light H + Wate oil (H + ratio 
plyst] imentlof |ocity} inal tion] of1] in ml/liter H/L 
No. |exp.| (liter/) gas | He ini (%) | (H) | hour) 
hour 
361177 |6 | 5.8] 0.8 |61.1/106.1] 285.2] 389.3) 28.3] 30.5 0.37 . 
36 1178 | 97 | 5.5 | 0.98 |67.11158.6] 377.6|536.2) 37.7] 48.0 0.42. 
36 1179 15 | 98 | 4.6 12.16 |63.01149.2] 375.11522.3] 44.6) 46.6 
36 1180 16 | 93 [13.6 |1.27 32.7/176.8] 78.5) 15.0 
36 118. |5 | 92 [14.0 11.38 [54.5 |160.0] 39.7|199.7|103.1} 16.6 4,03 
36 1182 |5 |2107 [15.2 [1.72 153.0 1116.6] -68.5|185.1] 68.5} 18.0 
36 4183 | 86 | 5.8 }0.87 164.7] 42.5} 26.6 0.36 . 
36 1184 | 89 4,0 11.19 160.0] 20.6] 28.3 0.13 
36 1185 ;6 | 81 | 6.0 [1.13 |63.7] 52.5 |375.6/428.1] 22.4) 31.6 
26 118 |6 | 88 | 5.6 11.00 161.0] 41.7] 33.3 0.09 
36 1187 15 | 99 !12.2 11.00 |57.4) 59.4) 28.0 0.40 -. 
36 1188 16 | 88 414.8 }1.38 50.7] 76.3] 97.21173.5|104.3} 13.9 0.78 
36 }189 101 ]15.8 |1.47 ]53.1] 72.5 |145.0/217.5] 79.6) 20.0 0.50. 
36 1199 |6 |99 | 5.6 11.23 [58.4] 80.1]277.1]357.2] 43.1] 32.2 0.28 


in these experiments the yield of oil rose to 47-58 ml/m$: Thus n-butene, like 

ethylene and propene, does not undergo the hydrocondensation reaction in absence 

of carbon monoxide. It will be seen from the results of Experiment 176 (Table 4) -. 

: that already in presence of 2.5% of carbon monoxide in the butene-hydrogen mix- - 
_ture this reaction is promoted: the yield of oil attains 198.2 nl/m*>. ‘the ratio. . 


of heavy to light oil being 1.32. 


In Tables 5, 6, end 7 results are given of experiments’ 6n the. hydrocondensa- : . , 
tion of n-butene over one given catalyst, 36, in presence of alternately low Te 
(4-64) and high (14-15%) concentrations of carbon monoxide. As will be seen from’. 
Teble 5, the yield of oil, on going from low to high concentrations, falls sharply,. 
while the ratio of heavy to light oil increases greatly. Thus the yield of oi]. - ¢- 
is 46.6 and 15 ml/liter hour in Experiments 179 and 180 respectively, 26.6, and ~ 
18.0 in Experiments 183 and 182, and 32.2 and 20.0 in Experiments 190 and 189, ° 
In the same experiments the volume ratios of heavy and light oils are 0.39 and | 
4.40; 0.36 and 1.70;.0.28 and 0:50. From Table 5 it will be seen that the act- >, 
ivity and condensing propensity of the catalyst fall as its participation in- 
the process increases. This follows also from the results in Table 7 when the -. 
part taken by butene in the reaction is compared for a given range of carbon Ri 
monoxide cencentrations. Thus in Experiments 177-178 the. fraction of butene i 

_Yeacting is 90-94%, in Experiments 1835-186 it is 76-80%, and in Experiment 90 
it is 644. However, on going from low carbon monoxide concentrations to high | 
this fraction is considerably less: in Experiments 180-182 it is 42-544, and 

g in Experiments 188-189 it is 35.5-42.4%. An intermediate position is occupied... 
by Experiment 187, in which the initial gas mixture contained 12.2% of carbon .._...’ 

Monoxide, i.e. was characterized by an intermediate carbon monoxide concentration, 

In this experiment the yield of o11 was 28.0 mi/liter hour and the fraction of . 
butene reacting was 55%. Regions of differing carbon monoxide concentrations iy = 
differ in the ratios of reacting components He/CO and C4He/CO. In the low- >» ee 
concentration range these ratios have values from 6 to 9, and in the high- Re 
concentration range their values vary around 


TABLE 6 


5. 
1.3 5.5 
45.8 36.2 13.6 
4h 32,1 "14.0 
48,2 28.3 15.2 
40,0 46.0 5.8 
48.0 40.3 4.0 
46.0 40.6 6.0 
hh .O 43.8 5.6 
40.6 40.0 12.2 
45 4 33.0 14.8 
46.4 31.7 15.8 
48.6 39.4 5.6 


ru 


=! & 
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ownoooor 


‘Eh 


As rule, thers was about 1 liter of No in the original and effluent gases. 
2) The.effluent gas contained 1-2% C0a 


TABLE 7 


butene. 


mixture 


FUND OP 


2 


Amount — (% 


183.7 100 

94.4 1100 

89.3] 92:5 

76.8} 81.9 

77.8 

95.8] 88.1 

93.2 |100 45. 
93.3 |100 39. 
91.0 [100 33 
84.1 1100 

82.1] 78.7] 1 
75-51 73-35] 1 
72.6| 96.8] 28. 


Ratio of reacting 
volumes of: 
nd and CO 


2. 
2. 
2, 
8. 
9. 
6. 
2. 
2. 
2. 
6. 


0 
43 
ho 
3 

16 
716 
352 
07 


15 
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C4Hio from from Ho a 
the react- |reacting 
ing. hydrogen|C,Hs 2/00) 


7 


Thus, ‘the tehavior foundizpropene is observed also for the case of n- 
The concentration of carbon monoxide has a powerful influence on the 


(CaHe/CO) 


VRE 
| 


hydrocondetsatior reaction of the olefin, and at a carbon monoxide concen- 
tration of 15% this process is suppressed to a considerable extert.. 


causes for this behavior probably lie, 


as in the case of propene, in 


The 


difficulties of an adsorption and steric nature. This question is of eens 
and requires further investigation. 


=n 


4 


> 


an made Sate the of the ‘concentra- 
tion of carbon monoxide on its propene and with n-butene. 


Expt. Composition of original gas (vo1.4)2) Composition of effluent ‘gas (vol.%)2) 
17 
180 2 : 
181, 0 
-182 2 
183 8 
184 5, 
185 
186 
187 2 
188 Be 
189 0 | 
CO in | Amount that ee | 
initial| reacted 
177 8 40,2 . 
49.4 
180 9 . 30.8 
181 5 23.0 
182 
183 1 kh 
164 3 - | 45.5 
185 9 42.8 
186 5 
187 7 34.2 i |. 
188 9 21.5 3 


2, It has been established that, in absence of carbon ‘monoxide, hydrocons 
densation does not occur in propene ~ hydrogen and butene — hydrogen mixtures.’ 


3, The highest rate for the reaction of the hydrocondensation of propene:: .. 
or butene with carbon monoxide occurs when of the latter is (Present. jn 
the original gas mixture. 


4, When the carbon monoxide in the original nixture 
204, the process of hydrocondensation with propene or butene is greatly retardedj 


this stends in contrast to the course of the process of it organ tanaka 
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‘THE SPLITIING-OFF OF THE ELEMENTS OF HYDROGEN HALIDS | 
. 
"FROM DERIVATIVES HYDROCAREONS OF THE ‘SERIES offen +2. 


s . 
° 


Merkovnikov's rule [1] for the order of the addition of the elements of ° 

hydrogen halide to hydrocarbons of the series C,Han, according to which "the .. 
halogen adds to the most hydrogenated carbon, i.e. to that which is the most 
subject to the influence of other cerbon atoms", is confirmed by numerous facts™ 
and is generdlly eccepted. Indications in the literature [2] of & partial . 
change in the order of addition of HBr to isobutylene, trimethylethylene, and .- 
isopropylethylene, contrary to Markovnikov's rule, is to be explained by- the 
presence of traces of peroxides, which cause this sort of anomaly. According , ae 
to Delecr's results [3], 3,3-dimethyl-l-butene, on adding HBr, gives the primiry 
instead of the expected secondary bromide, and this also was explained by the 
action of traces of peroxides. Whitmore and Homeyer [4] showed that HBr adds 


on to 4,4-dimethyl-l-pentene in a manner contrary to Markovnikoy's rule - if we tae 
assume that in this case peroxides are absent. : 


Markovnikov [8] established that when hydrogen halide splits off tie an 
alkyl monoh2lide the hydrogen that splits off comes not from the carbon atom. to ~ ial 
which the halogen is attached, but from the adjacent one. This rule also is” . 
confirmed by numerous facts, not only in the case of monohalides, but also, ogee : 
Eltekov [5] hes shown, in the case of polyhalo compounds. ein 


Markovnikxov'’s conclusion, that "when the elements of hydrogenhalide sepa- 
rate from the halo compound, they always come from adjacent carbons, and the 
least hydrogenated carbon, even if this is connected further to highly hydro- : 
genated carbons, has the last tendency to lose hydrogen", has been found to be . “ 
erroneous in the last part of the statement. The reason for this was the inade- i 
quacy of the experimental data obtained by Markovnikov in his study of the split- co 
ting of HI from 2-iodo-3-methylbutane by the action of alcoholic caustic potash. 
As is well known, Zaytsev [6], on the basis of numerous facts, came to the oppo-_ 
site conclusion ~- "when a carbon that is linked to iodine is linked also to 
carbons having different degrees of hydrogenation, the least hydrogenated carbon 
has the greatest tendercy to lose its hydrogen." Vagner [7], who exemined the 
splitting of HI from 2-iodobutane, 2-iodo-2-methylbutane, and secondary hexyl | 
iodide under the action of alcoholic putash, showed that Zaytsev’s rule expresses - 
only the predominating direction of the reaction. In those cases where Vagner. . € 
showed: that HI is split off in two ways, the carbon atom linked with iodine is . $e 
adjacent to methyl and methylene. But.if the iodine is attached to a carbon that. - :° 
is linked on the one hand to methyl and on the other to’ CH, then, according to | ee 
Favorsky [8], "it is very probable that in the last case the hydrogen.of the . oo 
hydrogen iodide will come exclusively from the CH group.” But it should be noted . ; 
that also these addenda to Zaytsev's rule are based on facts obtained froma. 
Study of the halogen derivatives of earn a that do not contain eames Me 


carbon atoms. 


° 
t 
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well aiisobutylene, which vas first Butlerov ie 


a mixture of 804 2,4, and 204 2, 
_pentene (B-fora t 
‘Butlerov [9], by oxidizing with a 5% of ob- 
tained oxoctenol (epoxyalcohol) (prismatic needles, m.p. 49.5°) and — 7 


acetic acid, which ere formed only from the 6-form of diisobutylene. - 


On the basis of the amounts of oxoctenol and trimethylacetit acid obtained 
in the oxidation of diisobutylene by the method of Vagner [7] and Prilezhaev [10], 
we have derived the quantity of B-form in diisobutylene obtained by different 
methods. On splitting HCl (I) from 2-C)(Br,I)-2,4,4-trimethylpextare, then 
according to Zaytsev we should obtain mainly the B-form of diiscbutylene. 


By treating 2-C1(1I)-2,4,4-trimethylpentane with alcoholic potash, we ob- 
tained as our main product, as the experiments described below will show, the 
B-form of diisobutylene, i.e. the elements of hydrogen halide are split off from 
this particular halogen compound in a manner contrary to Zaytsev’s rule: the 
splitting-off of an H atom proceeds mainly at the most hydrogenated carbon aton, 

“d.e. the methyl, and not the methylene. This fact is interesting as an example 
of a definite change in the order of splitting-off of the elements of hydrogen 
halide, depending on a change in the chemical structure of the organic halide 
molecule and therefore on a change in the nature of the mutual effects of the 
.atoms making up the molecule. Is this property of 2-C1(1I)-2, 4 ,4-trimethylpentane 
- the splitting-off of HC1(I) in a manner contrary.to rule determined 
merely by the presence of the quaternary carbon atom, or by the neopentyl group! 


. According to Markovnikov [1], there is a resemblance between dehydration and 
the splitting off of hydrogen halide from these compounds. "All that has been 
said of the splitting off of water is completely applicable .also to the splitting 

‘ off of hydrogen halide." This is indeed confirmed by the facts: as Whitmore [11] 
has shown, on dehydrating dimethylneopentylcerbinol over an acid catalyst, there 
is formed a mixture of diisobutylenes containing 80% of the a-form and 20% of the 
-B-form. Comparing these results for the dehydration of dimethylneopentylcarbinol 
with ours — by the action on-2-Cl(I)-2,4,4-trimethylpentane of alcoholic potash, 
the B-form of diisobutylene is formed in small eT. very small in the case 
of the iodo ccmpound. 


According to Whitmore's results, of 2;2 
gives 80% of the normal dehydration product, i.e. 2,2 ,3-trimethyl-3-pentene. 
heverting to our results, approximately the same enourt of this olefin is ob- 
tained by the splitting off of hydrogen halide from the. hydriodic ester of this 
same alcohol, from which it follows that when the halogen is adjacent to a methyl 
group and to a quaternary carbon atom (tertiary betyl), the elements of hydrogen 
halide are split off accordiug tc the Zaytsev-Vagner rule. However, in 2-Cl(I)- 
2,4,4-trimethylpentane, the neopentyl grcup behaves in a special way, causing 

’ the hydrogen of the methyl group, ani not of the methylene group, to become the 
+ more reactive, which is evidenced by the formation of a preponderarce of the ~ 
_a-form of on off KCl from the 


- 


, 
; 
. 
- 
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‘ 


For investigation we took didsobutylene by the following nethodst’ 
from isobuty) alcohol by: the action. of 63% sulfuric acid [12)), . 


2). from tert-butylsulfuric acid, (which is prepared by saturating in ‘the cold . 
two volumes of 63% sulfuric acid with one volume of liquid isobutylene) by heate 


ing for one hour on the yield of Dep. 


63%, and of triisobutylene, b.p.- 176-179"; 31-5843 


Gee. 


3) by splitting off the elements of hydrogen fron 


The hydrogen halide addition proticte vere obtained by saturating the 


(cooled in ice) with gaseous HC1(HI). 2-C1-2,4,4-trimethylpentane had 
dep. W4-150°s 0.87233 1.4395; caleuleted MRp 44,01; found MRp 43.703 ° 
2-1-2,4,4-trimethylpentene had b.p. 62° hs 3. 2666; 49195 calculated 


¥Rp 51. 9; found MRp 52.4. 


The properties of the original are in Teble 


No.| Original diisobutylene 


1 | Diisobutylene prepared from iso- 


2 |Diisobutylene prepared by split-"|° - 
ting HCl from 2-C1-2,4,4-tri- 
methylpentane _ 


3 | Diisobutylene prepared wy split- 
ting HI from 2-I-2,4,4- 
trimethylpentan¢ 100-105 0.7306 


4 | Butlerov's ai isobutylene 10.7129 


Diisobutylene was oxidized with a solution of to VYagner 
[7] and Prilezhaev [10], and the amount of oxoctenol (the epoxyalcohol) and of 
trimethylacetic acid was determined; these, as pointed out eatin » are formed _ 
only in the oxidation of = B- fora, of diisobutylene: *. 


Hs CHs du, OH OH . 
Hs Gis 


100-102.5 | 0.7193 


butyl alcohol and 634% H2S0, 100-104.5 | 0.7211. |.1.4069 


1.4091 


1.4112 
1.4095 


Fis. 
Hs 


Calc- 


ulated 


RD __ 


38.67 


8.61. 


38. 


38.67. 


The results of experiments on the ‘oxidation of ‘are in 
Table 2, from which it will be seen that diisobutylene obtained from isobutyl - 
alcohol by the action of 63% sulfuric acid contains the léast’ amount of the B- 
form, since, under the antion of sulfuric acid, it isomerizes into 2,3, 4-, and 


2,2 [12]. 


eee 


. 

. be 5 


38.32 
| 38.95 yA 


e 
@ 
. 


Initial product Oxoct-|Tri- |Glycol/ ized |jof ox-jof ox- 


enol |methyi. 
frac- | acetic 


octenolloctenol 
on di-jon di- 


tion, | acid isobu-|isobu- 
v.p. tylene |tylene 
175- taken loxid- 
179° (4% ized(Z) 


Diisobutylene 
prepared from 
isobutyl alco- 
hol and 634 
HoS04 
Diisobutylene 
prepared by 
splitting HCl 
from 2-C1-2,4,4- 
trimethylpentane 
Butlerov's 
diisobutylene . 


21 |17.28 | 1.00 | 9.50] 3.72 | 2.30 | 8.8 


|17.20 ‘11.25 | 1.00 }1.00 | 3.80 | 4.25 |23.5 


36.4 |10.2 [4.7 | 3.00 | 3.00 [26.2 |10.00 524.00 19.00 
; On splitting off the elements of hydrogen halide from 2-Cl-2,4,4-trimethyl- 
pentane, 10% of the B-form of diisobutylene is formed, i.e. half of the amount 
present in the diisobutylene of Butlerov, and when HI is split off 2-I-2,4,4- 
trimethylpentane the amount of B-form produced is again small, for only traces of 
oxoctenol were found in the oxidation products, which confirms that the elements 


of HCl and HI are split off from these halo compounds in a manner contrary to 


In all experiments in which diisobutylene was oxidized with 1% KMn0,, 
oxoctenol (the apoxyalcohol) was obtained as transparent prismatic needles, m.p. 


Analysis of oxoctenol 
Found %: C.66.85; 66.63; H 11.29; 11.30. 
CeHicO2. Calculated %: C 66.66; 
Determination of the number of hydroxy groups in oxoctenol according to. 


In the oxidation products, as well as oxoctenol, small quantities were found 
of trimethyiacetic acid and the glycol. B.p. of trimethylecetic acid 162-164", 


Constants of the glycol fraction: b.p. 170-180%; 43° 0.9033; calculated 
; MRD 40.68; 4% hydroxy groups 20; n° 1.4249; found MRp 40.78; calculated % OH.- 
| SUMMARY: 
1. It is shown. that, on splitting off the elements of hydrogen halide by the 
eid of alcoholic potash from the hydrohalic esters of dimethylreopentylcarbinol - 
{2-C1(I)-2,4,4-trimethylpentane], the hydrogen that is necessary for the formation 


form 
iso- | isobu- ‘diiso- in the 
ene unre- diiso- 
taken | acted butyl- 

(g) ene 
| 6.7 

20.00 


of the hydrogen halide off from the most highly ‘carbon atom 
from the methyl, end not the methylene group; i.e., contrary to ‘Zaytsev's rules 


2. This departure fron Zaytsev's rule concerning the order of the splittinge 
off of the elements of hydrogen halide from monohalo derivatives of hydrocarbons... 
of the CnHengeseries is at present the only exception and is to be explained by °- 
the presence of the neopentyl radical; in just the same way the addition of 
hydrogen bromide to neopentylethylene in a manner contrary to Markovnikov's rule 
appears also to be the only exception to the rule.- 


3. The amount of the B-form in aiisobutylene depends on the conditions of y 
prepsration. Diisobutylene prepared according to Butlerov'’s method contains the 
greatest amount of the B-form (~20%), and a considerably lower amount is. - 
obtained by splitting HCl with the aid of alcoholic alkali off =n hel. 
trimethylpentane (~10%) and off 2-1-2, 
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ISONERIZATION OF ALKANES IN’ PRESENCE, OF ‘UNDER 


‘ 


- 


{ 
. The isomerization of n-hexane in presence of eae chloride was eed 
investigated by Moldavsky and coworkers [1], who established the existence of..: oe. Sa 
an induction period in the isomerization and also the promoting effect of ECL.:: tog ee 
In later work by Moldavsky and Nizovkina on the isomerization of pentane [2], a-- — i 
hexane fraction was obtained, and investigation showed this to contain a large-..: * . 
amount of 2,2-dimethylbutane 13). Attention must be drawn to the work of Petrov,. 
Meshcheryakov, and Andreev [4], and also to the investigation of Moldavsky, ee 
Kobylskaya, and Livshits [5] on the isomerization of alkanes in presence of - :+° _~ it 
AlCls under a pressure of hydrogen. In this and leter work [6) it was shown ; ; hy 
that it was desirable for the isomerization of alkanes in presence of AlClg to -.: ‘ 
be carried out under a pressure of hydrogen in order to suppress side reactions... a 
However, no systematic study of the effect of the value of the pressure on the -*.: oil 
direction and rate of isomerization has yet teen carried out. It has beenes- .- , 
tablished only that replacement of hydrcgen by nitrogen results in a reversion. ! 
to cracking and the formation of a"iower layer™. It has been established also 
that {somerization occurs only in presence of moisture or HCl, even in very 
small quantity; in some investigations equimolecular amounts of AlCls and HCl ~"° 
were used. It is very noteble that when carrying out the isorerization of | E 
n-hexane under a pressure of hydrogen (of some tens of atmospheres) the cata- . 
lyst remains crystalline and its active life is considerably increased. Fi- 
nally, it has recently been shown [6] that addition of cycloalkanes or of small : 
amounts of benzene to alkanes greatly suppresses cracking. The addition of 
powdered aluninum to the catalyst acts in the same direction. Such are the ; 
most important features of the isomerization of acne in ‘presence of AlCls.. ele 
that have been known up to the present time. : 


. 


In the present work ve have investigated the isomerization of ——— 


in presence of hydrogen at pressures of up to 1500 atm. We used commercial -.-. ~*~ .; 
aluminum chloride and n-hexare that had been purified from small amounts of -..*..-- —: 
conteminating unsaturated ard arcmatic hydrocarbcrs by 
The physical c nstants of the purified n-hexane were az° 0. 
data in the literature {7]: 0.65937; n=° 1.37486. 


" The boiling point of the purified hexare was 68.4-68.8* (when the hexane 
was distilled throvgh a column of 30 theoretical piates, 3% distilled between © ae 


68.1 and 68.4° at 760 as Rooeeeing to data in the literature, b.p. of n-. 
hexane is 68.74° 


Parallel carried out undes identical using hexane: 
before and after purification showed thet the presence in n-hexane of small a-. 
mounts of unsaturated and aromatic hydrocarbons has no ats effect on *..:-. 
the rate of isomerization, when there is no cracking. 


e 
es 
ee 
j 


_ tive separatior of the other isomers (Fig. 1). 


‘ 


The isomerization was carried G in a shaken reactor of 150 ml capacity 

made of stainless steel. n-Hexane (60 g) and the calculated amount of AlCls 

(in the form of 2- 4 mm pieces) were introduced into the reactor, and hydrogen 
was then passed in from a cylinder under a pressure of up to 140 atm. In order 
to carry out experiments at greater pressures, the calculated amount of AlCls 
.was put.into the reactor, hexane was added up to half the height of the reactor, 
hydrogen (140 atm ) was passed in, and the pressure was further increased by 
punping in n-hexane by means of a pump (up to 500 atm). Still greater pressures 
were attained by passing hexane into the reactor from e supercharged cylinder 
by the aid of a compressor working at super-high pressure. This procedure was. 
adopted in order to prevent the “dissolution of large amounts of compressor lu- 


bricant in hydrogen; the solubility of the the gas rises 
rapidly with increase in pressure. 


In our experiments ’ at pressures of greater than abe as, the enount of 
hydrogen in the reactor was about 10 liter (on reducing to 760 mm end 0°C), 
which ensured the saturation of hexane with dissolved gas for pressures of up 
to 400-500 atm (see [8]). At pressures of the order of 1000 atm and higher, 
the solution of hydrogen in hexane that was formed was, of course, unsaturated. 
After the pressure had been established, the shaken reactor was heated by means 
of a cylindrical electric furnace that was fixed round it. At first the pres- 
sure fell. somewhat because of the dissolution of hydrogen in the hexare, but 
later it began to rise. The temperature of the experiment, and the corresponding 
pressure, was attained in 30-35 min, and it was maintained at the desired level 


up to the end of the experiment; after the tai time, heating was ‘@iscon- 
tinued and the reactor was cooled with ice. 


We first carried out experiments in which achenins was heated vith AlCls 
under the high pressure of the liquid hexane itself, in absence of hydrogen 
(see Table 1). In these experiments, among the reaction products were found 
lower- and higher-boiling hydrocarbons (relative to the hexane fraction) and 
a dark-colored lower layer, the presence of which indicates that an appreciable 
amount of cracking occurred. After being separated, the transparent upper layer 
was washed with dilute NaOH solution, dried (CaClo), and distilled. The lower | 
layer was decomposed by means of ice and extracted with ether; the ether layer | 
was washed and dried, and the solvent was distilled off. 


The results'in Table 1] show that the isomerization of 


‘pressure in absence of hydrogen is accompanied by an re emount va 
cracking. 


The succeeding siete were carried out with pvtniaiiie end AlCls in 
presence of hydrogen, and it was found that at a sufficiently high pressure of | 
hydrogen (and corresponding concentration of hydrogen dissolved in hexane) 
the formation of a lower layer was not observed. The liquid reaction products 
contain only a hexane fraction./ The external appearance of the catalyst did 
not alter. The clear colorless reaction product was washed and dried; it was 
then distiiled through a fractiozating column of 30 theoretical plates. is 
column permitted quite satisfactcry separation of 2,2-dimethylbutane (b.p. 49.7°) 
from the ether isomers: 2,3-dimethylbutaze (b.p. 58.0°), 2-methylpentane (b.p. 
60.3°), and 3-methylpertane (b.p. 63.3°), but it could rot guarantee quantita-— 

The total yield of isomers was — 
Judged from the of the total fraction of b. P- 47-66° in its 


2) When emptying the there was generally ‘loss ‘of 3-5 Pa of 


(up to 8%) on account of its retention eed aluminum chloride and of the filling 
of the hollow manometer spring. 


. 
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Isomerization of n-Hexane under Pressure in Absence of Hydrogen 


- . 


Pressure Tempera- Time [Yield (% of Staten of upper 
(atm) | ture (°C) |(hr) |_charge layer’ 


apper jlower 


900 | 2 190 |98.0] - 
1600 87 5 |8 | 2.8 | 43.3] 21.0 6.8 


Note: n means n-hexene; 3 iso-Cg means isomers of hexane (fraction of 
b.p. 47- 66° ); >Ce refers to the fraction boiling above 10° 5 Ke 3 — to as 


Rate of Isomerization of n-Hexane at 100° under a Pressure of Hydrogen ~~ 


No. | Wt. ratio Pressure | Time (hr)|Yield of liquid | Yield of hexane isomers 
products (% of | (fract. b.p. 47-66°) 


charge % of lig. products) - 
1 0.1 6.5 10,0 
2 0.5 80 3.0 95 
3 O93 . 85 7.0 89 
0.5 85 10.0 94 15-5 
6 1.0 90 1.5 90 11.2 
1.0 90 4.07 83 80.1 
1) An addition of 0.5% of benzene was made. sing 


the amount of fractionated liquid rea action product. The results on the rate 
of isomerization of n-hexane under a hydrogen pressure of 75-95 atm at 100° ete 
and 2 wt. ratio of A1C13/n-hexane of 0.1, 0.5, and 1.0 are given in Table 2,” } 


"An examination of the results in Table 2 leads to the following con- -. x ae, 
1. Increase in the amount of catalyst ‘greatly increases the rate of ae ere 
2. In the process of isomerization, at first a rise and then a 


fall in the rate of reaction is to be observed; at the very beginnirg of the 
process, the rate of isomerization is relatively low (seeExpt . 6), which 
confirms the known fact that there is-a period of induction in the reaction. 

The effect of pressure and temperature on the rate of isomerization of n-hexane. , 
in presence of AlCls and hydrogen is illustrated by the results given in Table 3,': °° 


eo: 


3 
. 


1650 | 100 5, 8.6 | 6.41 14.5 116.8. 


: 
‘ 


No.| Wt. ratio 
AlClg/n-CeHi¢ 
2 0.50 


Fig. 1. Fractionation curve for hexane Fig. 2.. Relation between the tient 
” isomers, Expt. 7 (Table~ 2) at 745.7 mn of the 58.5-61.5° fraction and the 
(0°) : 47-54° fraction (2,2- dimethylbutane) 


TABLE 3 


—— of Pressure and meee on the Rate of Isomerization of n-Hexane’ in. 
Presence of 


AlCls = 0.5 
n-hexane 


Yield of liquid products] Yield of hexane isomers 
(erect. b.p. 47-66°) 
% of lig. products) ; 


\ 


‘AU 
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It follows from an examination of the results given in Teble 5 that in- 
crease in pressure greatly reduces the rate of isomerization of n-hexane in 


presence of hydrogen. Increase in temperature under these conditions greatly 
accelerates the isomerization (at constant pressure). 


Finally, we have established that addition to the n-hexane of oank 
Quantities of benzene has a significant inhibiting effect on the cracking of 
n-hexane in presence of AlC13 and permits a reduction in the pressure of hy- 
drogen necessary for carrying out the isorerization. Thus an addition of 0.54% 
of benzene enables the isomerization of n-hexane to be carried out without | 
appreciable cracking at 68 atm, and an addition of 10% of benzene erables it -. 
to be carried out at 35 atm. On the other hand, the on of isomerization of 


n-hexane in absence of cracking not the of 
small amounts of benzene. . 


. 


= No. |Pressure |Tempera- | Time 
& 100 7 89. 58.4 
| 100 7 25.0 
430 100 6 89 8.5 
1450 100 13 5 .. 
1500 125 6 91 


. 


The behavior observed in the isomerization of n-hexane under a pressure 
of hydrogen is evidence that this process, in contract to cracking, is not... 
inhibited by small amounts of additives that may undergo alkylation. The pres 
ence of an induction period and of a meximum isomerization rate may be explained 
on the hypothesis that the rate of the process is determined by at least two 
successive reactions [9]. Finally, the reduction in the isomerization rate : 
that we have found for increasing hydrogen pressure makes it very probable that 
the isomerization of n-hexane must involve the separation of hydrogen in one of, 
its intermediate stages*’. If such an intermediate stage occurs in the reace 
tion, then increase in hydrogen pressure will have a delaying effect on the “sos . 
merization process for the following reasons: In the first place, it will lead 
to an increase in the concentration of dissclved hydrogen and so reduce the RS 5 
equilibrium concentration of the intermediate product. In the second plece, at ; 
sufficiently high pressures the effect of pressure also as a physical factor. 
vill begin to tell-:on the actual value of the equilibrium constant for this 
intermediate stage of the reaction, which takes place with increase in volume, 
It should be noted that in order to determine the mechanism of the isomerization ~ 
of alkanes under a high pressure of hydrogen careful study must be devoted to 
the part played by cracking products, the formation of which (in small quan- 
tities) cannot be altogether, excluded under these conditions. 


We will turn now to an examination of the composition of the mixture | of 
isomers obtained inthe present investigation. It follows from the above re- 
sults that under suitable conditions the “iscmerization of n-hexane may proceed _ 
to an extent of greater than 80%. It was found at the same time that the content 
of 2,2-dimethylbutene grows considerably in the final stage of the iacmerisetion | 
and that there is a simulteneous fall in the content of 2-methylpentane, 


| 


In Table 4 sore results are given of the fractionation (content of ‘free 
tions of b.p. 47-54° and 58.5-61.5°) of liquid reaction products for all experi= 
ments in which a degree of isomerization of greater than 50% was attained. The - 
fraction of b.p. 47-54" consists of 2,2-dimethylbutane, well sepa- 
rated from the remaining isomers; the fraction of b.p. 5-61. contains) 
mainly 2-methylpentane. > 


From the results in Table h it wS38 We evident that the content of the 
58.5-61,5° fraction passes through a clearly defined maximum at a definite sal 
dimethylbutane content?) (Fig. 2). 


These results lead to the conclusion that the 
tane ‘forms an intermediate stage in the isomerization of n-hexane; the isomeri- 
zation of 2-methylpentare evidently leads to the formation of 2,2-dimethylbutane. 
The part played by the remaining isomers (2,3-dimethylbutane and 3-methylpen-- ~ 
tane) and their place in the scheme of the stepwise isomerization of n-hexane 
demand further detailed study. In foreign literature there have recently ap- - . 
peared data that confirm our conclusions concerning we stepwise isomerization - 
of n-hexane P 


e "er as 
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2) Results on the separation of small emounts of tydrogen in- the initial stage melee 
of the isomerizaton of butene in favor of this £10}. 


=) A maximum, quite as definite, is shown also by the amount of the 56-61.5° 
fraction, which contains mainly 2-methylpentane and 2,3-dimethylbutane. — 
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Yiela of has been confirmed that 


(% on Weight o. Liquid“Reaction Products) by carrying out the isomerization 
under a high pressure of hydrogen 
cracking is reduced to a mininun 
- and the formation of the so-called 
“lower layer" in the reaction pro-.” 

ducts is completely avoided, 


2. It has been established 
that increase in the hydrogen 
pressure reduces the rate of iso- 

merization of n-hexane. 


- 3, It has been established ~ 
that the isomerization of n-hexane 
has a stepwise evidently an intermediate 
— in the forma tion of 2,2-dimethylbutane,. . 


AAU 


he Some general suggestions have been mede concerning ‘the mechanism of 
the iacuerieetien of n-hexane in presence of — under a os of hydro- 
gen. 
_ Draftsman-designer oes and mechanic Kuznetsov took part in the 4 
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KINETICS oF THE TEHYDRATION OF ALCOHOLS 


PRESENCE OF TRICALCIUN PHOSPHATE 


L Kh. and ‘he Levit 


Among the mcst active and specific catalysts for the dehydration of alcohols 
are the oxides of aluminum [1], tungsten [2], and thorium [3]. In chemical: prac- 
tice, aluminum oxide has received particularly wide application. Very little in- 
vestigation and practically no application have been received by the readily 
availeble and easily prepared phosphate catalysts. Thus there are only some 
brief indications in the literature of the dehydrating action of tricalcium phos- 
phate. Allardyce [4] investigated the dehydration of isopropyl aicohol and - 
Schwabb that of ethyl alcohol over calcium triphosphate [5]. We have used calcium 
triphosphate with success as a catalyst for the dehydration of formic acid [6]. 


‘+ The present work is devoted to a study of the kinetics of the dehydration ~ 
of a number of alcohols, viz. ethyl, n-propyl, n-butyl, isopropyl, and isobutyl,. - 
in the presence of the same catalyst. The results that we have obtained show . 
that tricalcium phosphate is a — active end specific catalyst for the wel 
ration of alcohols. 


-In investigating the effect of esti weight, the sienhdies of the On - ; 
group in the elcohol molecule, and the structure of the hydrocarbon radical on 
the kinetics of the reaction we found that the order followed by the dehydration 
rates of various alcohols on a phosphate catalyst is the same as that followed on 
aluminum oxide in the investigations of Bork and Tolstopyatova [7]. The most . 
readily dehydrated are isopropyl and isobutyl alcohol, end then follow the normal 
alcohols: n-butyl, n-propyl, and ethyl alcohol. The dehydration rate of a nore 


mal alcohol is the greater, the higher its molecular weight 5% Table 8 and 
Figure 8). 


activation energy for the reaction is lowered by 2800 Cn a 
B-hydrogen ty CHe, the activation energy is iowered by 2000 cal/mole. An ana- * 
logous eet was cbserved by Dohse [8], Adadyrov [2], end Bork [7] in the © 
dehydration cf aicohols over other catalysts. As regards the introduction of © 
CHs in the ¥-position, our resuits for the butyl alcohols show an anomaly heres 
in presence of a phosphate catalyst, the activation energy for the reaction is | 
not lowered, tut raised. It is that the side-reactiou cf polymeriza- 
tion, the prodicts of which were, in in the catalyzetes 
has an effect here. : 


The values of the pre-exponential fo) for ethyl, n-propyl, ‘ena’ 
isopropyl alcohols are close togethers 4x 1045, 5 x 1075, and 4 x 10°© 
whereas for the | ay alcohols they attain the values: 3x 10°* and 5 x ae. & 


. 


e 


dra _ 
tion reaction of alcohols; the values obtained are: ethyl 40,600 cal/mole, n= 
propyl 38,600, iscpropyl 37,800, n-butyl 55,000, and isobutyl 68,000 cal/mole. 


é 


As we have previously pointed out [6), dehydration catalysts usually con- 
tain chemically bound watcr, which they retain fimnly. When subjected to thermal 
treatment, they are almost completely deactivated. Tricalcium phosphate also : 
containe chemically bound water, which it retains firmly even et 500-600°. When 
tricalcium phosphate is calcined, its activity is greatly reduced. The view that 

we have previously advanced [9], according to which the active centers of the 
catalyst are to be regarded as OH groups containing’ a mobile hydrogen atom, is 
i confirmed in our experiments with calcium phosphate and silica gel. We have 
: . « established that the addition to them of potassium carbonate does in fact deact= 
ivate them for the alcohol-dehydration reaction. 


A comparison of the rates of dehydration of ethyl alcohol will of atetay) 
ether shows that diethyl ether is not en essential intermediate product for the | 
. formation of’ ethylene from alcohol in presence of tricalcium phosphate. 


Rollet [10] recommends silica gel eas a catalyst in the preparation of unsat- 
- urated hydrocarbons from the lower alcohols. We made an attempt to study the kin- 
etics of the dehydration of alcohols over silica gel. It was found that the cata- 
lyst was rapidly poisoned, an effect evidently associated with the formation of 
- polymer film on the surface of the catalyst. We were successful in studying the 
kinetics of the dehydration only in the case of.ethyl alcohol in the range 352- . 
392°. The activation energy of the reaction is 22,500 calfmole, i.e. twice as 
loy 8s. on The value of Ky is also considerably lower, being x 


ik Experimentel Conditiors 
‘The apparatus and experimental procedure have already been described. [12]. 

The alcohol was introduced into the reaction tube at the rate of 0.16 ml/min. 
Tricalcium phosphate was prepared from calcium chloride and ammoniun phosphate. 
The volume of the catalyst was 20 ml, and its weight was 9 g. Im all the figures 
given in this paper, the relation between the degree of conversion and the temp- 
erature is. shown on the left, and the with the Arrhenius is. 
stom on the right. 


“As will be seen from Table 1 and Figure 1, the degree of conversion of ethyl 
elcohol in presence of tricalcivm phosphate rises from 3.2 to 48. hd, when the temp- 
erature rises from 533 to 387°. ‘The gas obtained contains 98-99% of ethylene. 

Q = 40,600 1 ra Ko = 4-105. The catalyst is stable; it hg its activity 
i. : . : unchanged over the course of many hours. 


Kinetics of the Dehydration i 
of n-Propyl Alcohol 
It will be seen from Table 2 and 
Figure 2, that when the temperature was 
increased from 322 to 356°, the degree 
of conversion of the alcohol rose from 
8.2 to 46.4%. The propere cortent of 
gas was 99. Q = 38, 600 cal/mole, 


= 51075, ‘The activity of the cat- 
5 hours, and no change was detected. 
¥ degree of the conversion of the propyl. 


Sopa at 356° was only 3%, whereas for the catalyst that did not contain potash 
474, of alcohol was dehydrated under.these conditions. Hence the — of nant 


Kinetics of the of Stink Ale Kinetics of the Dehydration 
cohol. in Presence of Tricelciun _n-Propyl Alcohol in the 
icaleium P ospha 
8. ty of Calcined Tr 


38,600 cal/mole; Ko = 5°10 


Kinetics of the Dehydration ~ 
of Isopropyl Alcohol .“ 


As will be seen from Table 3 and Fig-e - 
ure 3, when the temperature was increased 
from 262 to 297°, the Gegree of conversion _. 
of the alcohol rose from 6.1 to 61.8%. The | 
propene content of the ges was 99%. Q= 
37,800 cal/mole; Ko = 4-107©. It will be 
seen from Table 3 that the dehydration of 
the secondary alcohol occurs at consider= 
ably lower temperatures than that of the 
primary alcohols. After the catalyst had 
been calcined at 850° for 4 hours, its 
activity was greatly reduced, and the yield of propene at 296°} ‘fell from 61. ag Se 
1.7%, i.e. to 36 times less. The activity of the catalyst with respect to the 


reaction of dehydration of formic acid under conditions 
two-fold 


3 


Kinetics: of the of Alechol-” 


It follows from Teble 4 and Figure 4 that with increase in eesiations: hina 
319 to 353° dehydration of the alcohol increased from 6 to 69%. The butene con- 
_ tent of the gas was 99%. Q = 55,000 cal/mole, Ko = 3°10**. Comparison of these - 
kinetic functions with those for ethyl and propyl alcohols reveals a great in-.- 
crease in the values of Q and Ko. It was not found possible to increase the 


degree of conversion of alcohol to higher than 814% increase. in 


‘ 
. 7. 


| Temp. of |Ges liberated per|Degree of : : 
Pp. as berated] Degree of 
= (°c) (m1) Jot the 
12.2 3-2 : | elcohol(Z) 
| 348 30.0. 78° W765 


. the reaction in the higher-temperature ~ 
‘range. 


ution in activity, the energy of act- ~~ 


‘37,800 cal/mole; 


Kinetics of the Dehydration of Iso- 


propyl Alcohol in Presence of Cal- 
cined Tricalcium Phosphate 


Propene content in gas 9943 Q = 
Ko = 


Temp. of |Gas liberated|Degree of 
experimentiper 1 ml of j|conversion 
(°C) alcohol (m1) jof alcohol 

¢, 


262 
268 
272 
288 
292 
29h 
297 


‘Kinetics of the Dehydration 
of Isobutyl Alcohol | 


‘ It will be seen from Table 5 and 
Figure 5 that with increase in temp- 
erature from 312 to 334° the degree 
of dehydration of the alcohol rose 
from 12 to 80%. The content in the 
gas of butenes was 99%. Q = 68,000 
cal/mole; Ko = 5°10°*, Here, as 
e@lso in the dehydration of n-butyl ; 
alcohol, a great increase in the - 
values of Q and Ko is to be observed. 
It was not found possible to increase _ 
the degree of dehydration of isobutyl 
alcohol to higher than 80% by in- 
crease in temperature. ; 


Effect of the Calcination of the Phos- 


phate Catalyst on the Kinetics of the 
Dehydration of Ethyl Alcohol 


It follows from Table 6 and Fig-: - 


ure 6 that after calcination of the 


-catalyst at 600-700° for 1 hour its 


activity is reduced about fivefold. | 
Hence, in order to determine the kin- 
etics, it was necessary to carry out 
In spite of the great dimin- 


ivation for ths process suffered little 


change. 


180 


Dey 


* Kinetics of the Dehydration of n-Butyl 
Aicohol in the Presence of Calcined 
Tricalcium Phosphate 


Butene content in gas 99%; Q = 
"55,000 cal/mole; Ko = 31077, 


Gas liberated|Degree of 
experiment|per 1 ml of j|conversion 
alcohol (m1) 


8 
fies 
= 
4 
2 
_ 8 
£ 


S19 923 S50 KEI 153 152 1.5, EY 


- 


. a2 


alcohol (4 
30.6. 210.4 332 m6 .- 4° 

38.1 . $9.0 40.9. 
108.8 37.1. 155.2 64.1: - 
128.1 - 

161.2 ae 
| 


. 


of the_ Kinetics of the Dehydration’ 
of Ethyl Alcohol and of Diethyl Ether on Tricalcium Phosphate * 


When investigating the dchydrat ion of various alcohols and their corresponde 
ing ethers on aluminum oxide over: the temperature range 280-40, Adkins and Pere: 
kins [12] concluded ether is not an essential intemediate 


ef ct alcohal (2) 


of conversion éf aleoled 


in the of butene because it is Fig. 

dehydrated considerably more slowly than .~ - ie 

butyl alcohol. The rate of dchydration of diethyl ether was found to mm equad to 
the rate of dehydration of ethyl alcohol. On the other hand, it was shown by ~. 


Bischoff and Adkins that on aicohol is dehydrated more rapidly 


- 


Kinetics of the Dehydration of is6-- Kinetics of the Dehydration of Ethyl . 


butyl Alcohol in the Presence of — Alcohol in Presence of Calcined . 
Calcined Tricalciun Phosphate - 3 Tricalciun Phosphate 


Butene content in gas 9985 36,000 cal/mole; Ko, = 
68,000 cal moles 


as . 


conversion ~ 
ef the 


In our experimerts on the dehydration of ethyl alcohol on tricalcium phos-— 
phate, we found a trace o® ether in the cataiyzate. Is order te determine whether 
ether is an essential intermediate product in the formation of ethylene from alco- 
hol, we studied the kinetics of the dehydration of ethyl alcohol and of diethyl 


rs 
= Je = avec VU culpe atcu LAS Sf 
experinent|per 1 ml of conversion experiment] per 1 ml of 
(°C) Jaicohol (ml) atcohol” alcchol (rz) | 


Ethyl alcohol 


Name of alcohol 


Teopropyl 
Isobutyl . 


e 
eo 
. ‘ 
® 


Kinetics of the Dehydration of Ethyl Alcohol and of Diethyl Ether in Presence of 
Calcined Tricalcium Phosphate: 


Temp.of ex- 


Substance undergoing periment 


dehydration 


Ww Oo 


10 o- 
oO 


Diethyl ether 


°° > 
Kinetics of the Dehydration at Alcohols in Presence of Calcined Tricaleiun 


Content jActive 
of un~ fation 
sature- jenergy 
ted sub- 


Ethyl, in presence © 
calcined Cas(P0.4)o 

Diethyl ether in presence 
of calcium phosphate 

Ethyl alcohol in presence 
of silica gel ... 


1) with respect to the value found for ethyl alcohol. 


when at the same rolar 0. 687 and 0. 0.160 fin 
Over the same sarp-e of calcium ‘phosphate. As will be seen from Table 7 ani Fig- 


ure’ 7, the rate of dehydration of diethyl ether was found to be about haif that 
of ethyl alcoho-. 


For this new sample of ghosghate the following kinetic: data were obtained: 


For alcohol: = 38,300 calfmole; Ko = 2° -10°5 
For ether: = 34,500 cal faole Ko = 5° "10" 


Gas liberated [Degree of [Activation 
per ml of conversion] energy aes, 7 
Liquid’ (m1) cal /mole 
351 -| 83.0 38,300 
Invest- Change in Change in 
igated the value 
|_mole 
38,600 | -2000 5-105 - 
37,800 | —2800 
55,000 |+14400 3-102 6 
68,000 |+27400 5-10°* 9 
388-434] [36,000 | —4600 “|  -2 
333-395] [34,500 | -6100 | -2 


6 

‘ 


The results obtained show that ale - 

in presence of tricalcium phosphate some 
diethyl ether is formed, as well as ethyl- 
ene, the ether is not an intermediate pro- 
duct in the formation of ethylene. 


- 


Kinetics of the Dehydration of Ethyl Alco- | 
hol in Presence of Silica Gel 


Comparison of the results in Table 9 
and in Table 1 shows that the activity and 
specificity of silica gel in the'dehydrae . 
those of the phosphate catalyst. With ime bs 
crease in temperature from 352 to 392°, the .:. : 
Gegree of conversion of ethyl alcohol rose 
from 4.9 to. 14.9%. The ethylene content of the gas was 954. Q = 22,500 cal/mole, ae 
Kop = 1.3°10°. Silica gel maintains its activity for a comparatively short time, ‘ 
and efter it has been calcined ut 800° for 5 hours its activity is reduced fours 
fold. Thus, the calcination of silica gel hes a considerably greater effect on 
its activity in the dehydration of alcohol than in the dehydration of formic acid. © 


Peoree of dzhudratan of 
(ib end Char 


4 $ ieee Kinetics of the Dehydration of 
© Ethyl Alcohol in Presence of 


Silica Gel 


Ethylene content in gas 93-944; 
Q = 22,500 Ko = 1. “20° 


. 
° oe 


comvarsten¢ 


Fig. 8, Kinetic curves ‘for the of 
alcohols: 1) ethyl alcohol on silica gél; 2) 
ethyl alcohol on phosphate; 3) n-propyl al- 

cohol on phosphate; isopropyl alcohol on 
phosphate; 5) n-butyl alcohol on phosphate; 
6) isobutyl ateemey on phosphate. . 


~* ea has been made into the kinetics of the dehydration in ‘pre- 


sence of tricalcium phesphate as of ethyl, n-propyl, isopropyl, 
and iscbutyl alcohols. 


1. It has been established that in presence of tricalcium phosphate the ae- ‘. 
hydration of alcohcls proceeds in a very selective fashion, the content of ee aaa 
saturated compounds in the gas being 98-994 


2. It has been found that in presence of ‘trenton phosphate copii: 
alcohols are readily then follow the and 


‘ . 


- 


* 


tf - isk 
olf Temp. of |Gas libera-|Degree 
cP \ experiment] ted per-1--Jof con-. 
alcohol 
352 19.0 a 
390 52.6 


finally the normal The rate of dchydrat ton of normal alcohols falts 
with fall in mo lecular weight. : 


3. It has established that when the is ite 
activity iu the alcohol-dehydration reaction is greatly reduced, 


h, It has been shown that when an a- or B-hydrogen of ethanol is replaced 
‘by methy]. the activation energy is lowered in a manner similar to that caultan’ 
observed for dehydration in presence of other catalysts. 


5. It has been found that potassium carbonate, which is 8 He Pad for the 
phosphate catalyst in the dehydration of formic bad isa ponersws — for 
it in the dehydration of alcohols. 


- 6, It has been shown that diethyl ether ts not an intermediate product in 
the foraatsoa of: ethylene from 
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THE SYNTHESIS AND oF VINYL ETHERS OF 


"COMMUNICATION 2. (THE SYNTHESIS OF AMINOACETALS - 


M. F. Chekuleeva, N. A. Gershtein 


“The objective of this investigation is the ‘of | of the 
following structures 


CH=CH 


where R is an alkyl. 
Unlike the aninoacetals that contain the amino group in the aldehyde part. 


OR 

of the molecule ) {1 22,3,4), these compounds “have -vreceived little 
R 

study. In a few papers, rather complex methods for their synthesis have appeared, 

viz. reduction of the corresponding nitro compounds and nitriles [5,6,7]. For ; 


preparing the acetals we required, we first of all examined the simple methods 
developed in our laboretories of synthesizing acetals from vinyl ethers [8,9]. 
Two methods of synthesis were consid: sred; they may be represented as follows: 


CHgCH 
2. Clig=CE-OR + 


However, it vas found that the presence of the amino group in the start. ° ‘. 
ing substances (alcohol or vinyl ether) prevents the addition of alcohols ‘to : 
vinyl alkyl ethers. An attempt to remove this difficulty by replacing these 
vinyl ethers and alcohols containing free amino groups by their salts 
and where HX = HCl and CH3COOH) also did 
not yield a positive result. : 


The synthesis of B-aminoethyl alkyl acetals wes effected by the use of | 
the corresponding alkyl whick were caused to react ‘vith 


Auinoacetals cohtaining secondary ana tertiary amino groups. were formed | 
as by-products: 


. 
. 


. 
. 
* 
! 
. 
‘ 
' 
2 
. 
185 


. 


: This reaction was studied in some detail, the B-chloroethyl isopropyl acet- 
al and the B-chloroethyl isobutyl acetal of acetaldehyde being taken as examples. 
By variation of the reaction conditions (relative amounts of the substances, 
temperature, duration of reaction), the reaction may be directed s0 as to give 
mainly the B-aminoethyl alkyl acetal, or to give the products of its further re- 


action. The results of the experiments are given in the — and from this. 
it will be seen that: 


1. The reaction proczeds even at room temperature, out very slowly. 


- 2, Even with ea great excess of ammcnia relative to the chloroacetal (20:1), 
it was not possible to obtain the B-aminoethyl alkyl acetal exclusively. 


3. With reduction in the excess of armonia relative to the chloroacetal, 
or with increase in the duration of the reaction for a given ratio of the start- 
ing substances, the yields of the by-products, II and III, increase. 


Thus, these reactions can afford one of the simplest methods for the syn- 
thesis of aminoacetals having secondary and tertiary amino groups. It was found 
also that in the reaction of the chloroaceteal with emmonia hydrogen chloride is 
not split off, and only the replacement of the halogen by the amino group occurs. 
This is in complete egreenent with the data in the literature, from which it is 
evident that the splitting off of hydrogen chloride from bis(B- chloroethy1) 
acetals and alkyl B-chloroalkyl ethers panne fairly severe conditions (reac- 
tion with alkali at 170- 500°) [14]. : 


The aminoacetals obtained have a number of peculiarities: 
1. do not undergo under the of 


gis. 


2. They are difficult to with 15% by heating 
in a closed tube on the water bath proceeds only to the oxtail of 80%, whereas 
the hydrolysis of dialkyl acetals occurs so readily that it may be ee as & 
quantitative method for the estimation of the latter. 


The merle a iz tre behavior of the aminoacetals, as also the unsuc- 
cessful attempts to prepare them from B-amincethyl vinyl ether CHo=C=-(CH:CH2NH>) 
~ and B-aminoethancl (ECCHsC3="25), result from the effect of an amino grcup in 
the B-position to oxygen. The starting materials, the alkyl B-chlorcethyl acet- 
als, have also an interest cf their own. In the literature, only B-chloroetbyl - 
ethyl acetal and butyl B-chloroethyl acetal have been described; they were pre- 
pared by the interaction of alkyl vinyl ethers and B-chloroethanol [10]: 


: 
a 
- 
e 7 
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We chose the same method of synthesis,’ At the same time we examined the 
effect of a of iso-structure the of of mixed 
acetalst 


. 


OS tt was shown that also in'this case there vere’ formed; in addition to the ; 
alkyl B-chloroethyl acetal (yield 56-57% of theory), secondary reaction productss 


the dialkyl acetal (21-25%) and the bis(B-chloroethy1) acetal (37-44%). .Hence, |. 


an iso-alkyl radical has no inhibiting effect on the of mixed 
acetals, . : : 


. 


Dependence of the Yield of Aminoacetals on Reaction conditions eI 


.|Yield_ on origina chloroacetal, % _ 
reaction, ture of Total.| Of aminoacetals containing . 
hours . reaction, yield the group _ . 
5-6 - 140-150 76.5 | 42.4 28.5 - 
8-10 140-150. 80.2 |- 13.7. 49.0 
10 140-150 79.2 24.6 27-35 
140-150 82.4 20.7 |. 21.3 
25 54.0 | 38.0 16.0 


EXPERIMENTAL 
HoCHsCl 
The was ‘warriea out ina flask with stirrer, aropping 

funnel, and thermometer. The starting substances were B-chloroethanol; which - 
was purified by distilling 5 ne ouimess and isopropyl vinyl ether. The isopropyl 
vinyl ether (b.p. 5h. 9-59. 5°; ng? 1.3850) (123.9 g) was added dropwise under . - 
stirring during 2 hours to an one in amount (112.8 g) of B-chloroethanol. © 
(b.p. 126-127°; n§° 1.4407). The reaction is en exothermic one, and the temper- ~ 
ature rose from 15 to 45°, When the vinyl ether had been added, the mixture was 
alloved to stand for 10-12 hours. The reaction products were fractionally dis- 


tilled several times at atmospheric and at reduced pressure. The following 
fracticns vere obtained: 


Fraction I, b.p. 103-122° ‘at 760 um - 
Fraction II, b.p. 123-130° at 760 mm —-: 30.7 
Fraction III, b.p. 35-72° at 22mm —- 5.2 
Fraction IV, b.p.- 75-79" at 26 mm --138.8 
Fraction V, b.p. 80-100° at 26 m — 1.0 
Fraction VI, b.p. at 4Om “55.76 
By vacuum distillation of Fraction IV, a (135 56.34 of 
was isolated, which corresponded acco oxding to its analysis to B-chloroethyl iso- - ak 
propyl acetal: b.p. 58-61° at 10 mm;” nf? 1.4192; aZ° 0.9865; MRp 42.66; calcul- =i 


ated for C7Hj502Cl: MRp 42.67; M (determined eryoscopically in benzene) 166. 
168.2; calculated for C7His02Cl M 166.6, 


“Most of the acetals have the property of boiling over a of 3-5° 


we we we 


Neo we 


. 
. 
. 


. 


Molar ratio | 
of NHs to 
Cl-acetal q 
1 20:1 | 
20:1 
5 9:1 
| i <4 


+ oo .- 


Found 50, 56, 5 9.07, 9. 32, 
C7His02Cl. Calculated %: C 50. 9.07. 
Found C1 21.49, 21.25. 


CrHis02Cl. Calculated $: Cl 21.29. 


Hydrolysis with followed by estimation of scotaldchyde by the 
sulfite rethod: 


0.2059 g Oh. 3h m2 0.1 N Io; 98.5. 
0.1936 g substance: 22.95 ml 0.1 N % acetal 98.6, 


B- Chloroethy1 isopropyl acetal is a colorless nobile with a pleas. 


ant odor, soluble in ether, benzene, and alcohol. 


Fraction II was treated with metallic sodium and distilled under atmos- 
pheric pressure. Diisopropyl acetal (25 g; 21.6% of theory) b.p. 


125-128° at 780 mm; 0.8140; = 1. Literature data: 125-128° 
0.8142; 1, 5882 [8 ). 


Fraction VI was distilled under reduced pressure and yield. A bis(B- chlors 
ethyl) coated (50 g; 37.0% of theory); b.p. 92-95° at 6 mm; nf? 1.4529; ag° 
1.1803; MRp 42.83; for CeHi202Cis MRp a6: 92. (Literature data:. b.p. 

104. at 10 mm; np? 1.4529; 1.1757 110]; er? 1.4532; dig 1.1712 [11].) 


4Ho-iso 
It. 9 of B-Chlorcethyl Acetal 
fi2CEsCl 
The aisaimial was carried cut und:r seals similar to those of the 
previous experiment. To B- chicroethacol (188.4 g) was added isobutyl vinyl 
ether (232 g)(b.p. 82-83°; nj° 1.3990) over a period cf two hours. Vacuum dis- 
_ tillation of the reaction products. gave the following results. 


Fraction I, b.p. 60-65° at 15m 57.4 


Fraction II, b.p. 75-84° at 15 mm - 240.6 g 
Fraction b.p. 89-98° at 15 m 116.8 ¢g 


After repeated vacuum fractionation of Fraction II a product (230. 5 gy 
56.2% of theory) was obtained es a colorless mobile liquid having the following 


_ constants: b.p. 74-77° at 11 mm; n° 1.4230; aZ° 0.9724; MRp 47.350. Calculated 


for CgH1702C1 MRp 47.29; M (dactermined in benzene) 178.0, 
. calculated for Celi 70201: M 160.6. 


Found C 53.06, 53. 18; H 9. 36, -9.49. 
Calculated $: C 53. 18; E 
Found 4: C1 19. 64, 19. 
CeH1702C:. Calculated %: Cl 19. 62. pot 


Eydrolysis with 24 £=S0, followed by estimation of acetal dehyde by the 
_ bisulfite methcd: 


0:2775 g 29.92 zi 0.2 % acetal 97.3. 
0.1785 g substarce; i9. 37 0.1 N % acetal 97.9 


The analytical results correspond to the sapere 6-chlorcethyl rn 
eceta}.. 


Fraction I was treated with metalzic scdium ard aistillea yielding diiso- 


butyl acetal (50.1 g; 24.8% of theory); b.p. 55-57° at 8 mm; nf? 1.4025; aZ° 


_ 0.8235; MRpn 51.51. Calculated for MRD 51.66. (Literature data: b.p. 


| 


Fraction III, bis(B- chgroothy! ‘acetal was (97 6, 44. 
of theory) 5 b.p. 92-93° at 6 mms 1. 4529 (see previous synthesis). 


. : 3H -480 
IIfI. Syn thesis of B- Aminoeth 1 Isopro 1 Acetal CHaCH 
The was carried out in stainless steel dutoclave of 150. ai. 


capacity. The starting materials were B-chloroethyl isopropyl acetal (b.p. 58-61° Sak 
at 10 mn; nf? 1.4192) and ammonia. The autoclave was cooled to -50°, and B- : 
chloroethyl isopropyl acetal (16.4 'g) and liquid ammonia (50 ml = ten times the ae! 
theoretical amount) were introduced. The temperature was raised to 140-150° and 
was maintained at this level for 6 hours. . The maximum pressure was 110 atm. .The 
autoclave vas cooled to room temperature and emptied. The gas from the autoclave 
was released through a valve into a flask containing water (to absorb excess , - 
ammonia) end then to a gas holder filled with salt solution. Nothing collected. - 
in the gas holder, the whole of the gas being absorbed by the water. The reace 
. tion products consisted of a dark-yellow mixture of liquid and solid. These 
were separated by filtering on a Buchner funnel. The residue vas washed with * 
ether. The ether was distilled off, and the residue (3.1 g) from the distille- 
tion was united with the main filtrate (9.6 g); this was distilled under reduced - 
pressure in a stream of nitrogen. The following are the results of the fraction. 
Fraction I, db.p. 71-76°.at 19m -6.9¢g . 
Fraction II, b.p. 1%5-155° at 6m - 3.8 ¢g 
Fraction III, b.p. 180-200° at 6 m -1.1¢8 
Intermediate fractions 0.9 g 


Fraction I vas vcmcieiaaiie redistilled, and a substance (6.1 g: 37.2% on 
original chloroacetal) with the following constants was obtained: b.p. 75- “16° 
at 20 mm; np? 1.4240; 0.9123; MRp 41.18. Calculated for C7Hi70oN: MRp 41.23; 
M (determined cryoscopically in be nzene) 151. 6, 151. 33 calculated for C7H,702N 


M (147.2. j 
%: E1i.71, 11.65; C 57.0, 
C7Hy702N. Calculated %: H 11.64; - 6 $7.11. 
Found $: N 9.45; 9.26. 


According to these results, the product of b.p. 75-76° at 20 mn corres- 
ponds to B-sminoethyl isopropyl acetal; it is a colorless liquid with a weak | -%. 
ammoniacal odor, soluble in ether, benzene, .alcohol, acetone, and dioxane;.- 
with a solution of sodium nitreprussidé “in presence of acetone it gives a violet - 
coloration, which indicates the presence ofa primary amino group. : m 


Repeated fractionation of Fraction ‘II in a stream of nitrogen under re- eee = 


duced pressure gives a second rete’ ion (3.0 g, 18. 3% on eriginal chloro- 

acetal); b.p. 147-153° at 6 mm; rf° 1. 4300; dz° 0.9326; MRp “16. 84; Calculated 
for MRD 77.02; M | (determined in 283.1, 281. 15 
calculated for Cy,H310-N: M 277.4. - 
Found $: C 60.47, 60.415 Hl. 26, 11. 37. 
Calculated %: C 60.61; En. 26. 

Ci14H310.N Calculated %: N 5. 


According to the analytical results, the product of d.p. WNT-195" at 61 mm. 
corresponds to the compounds 


4 60 


It is a pale-yellow Liquid, soluble in ether, and “It gives 
the nitroprusside color reaction that is indicative of an amino Group. _The solid 
reaction product (4.1 6) is ammonium chloride: ‘ 


NH,C1. Calculated %: Cl 66.36. 


Ie the reaction conditions are altered by reducing the poner ‘of ‘senieiadin 
end increasing the duration of the reaction (see Table), it is possible to in- 
crease the yield of Fraction III, from which, by vacuum distillation in ea stream 

_ of nitrogen, a substance is obtained for which ——— indicates the a 
formulas 


It isa yellow liquid, soluble in ether and benzene; b.p. 185-195° at 6 mm; : 


nh? 1.4340; 43° 0.93975 MRp 132.925 calculated for 112.97. 


Found %: 61.73, 61.88; H 11. 17, 11.25. 
Calculated C 61.92; 11.05. 
ir Found %: N 3.86, 3. 


In order to verify that the product of v. Pp. 185-195". at 6 mm is en indi- 
vidual substance, it was separated into five fractions at 2° intervals. The 


molecular refraction was determined for each fraction, Coincident results were 
obtained. : 


IV. The Reaction of B- Chloroeth Isobutyl Acetal vith 


-The reaction was carried ‘out in an autoclave at 140-150°, the ratio of am- 
monia to chloroacetal being varied (see uae). In each experiment the following 


aHg-iso 

colorless, mobile Liguia @ weak ammoniacal odor, soluble ‘in 
ether, benzene, and alcohol; b.p. 83-84° at 9 mm; nf? 1.4246; aZ° 0.9000; MRp 
45.77. Calculated for Cal MRp 45. 85; M (determined eryoscopically 
1, 155.53 calculated for CeH:o02N: M 161.2. 


Found %: C 59.33, 59.273 H ll. 93, i. 5. 

Found $: N 8.36, 8.25. 

CeHicC2N. Calculated $: N 8.69. 


Bis-(a-1sobutoxyethy1) ether of dietharclemine- 


at h mm j 


20 A yellow soluble in ether and benzene; ep. 160-165° 
¥ 4320; 0.921; MRp 85.97; calculated for Ci¢H350,.N: MRD 


: 
| 


cryoscoptcally in vensene) 50h, 5, 299.6} calculated for 
M 305.4, . | 


Found 4: C 63.04, é2. 915 H 11.55, 12. 35. nis 
CreHss04N. Calculated %: C 62. 915 


Found $: N 4.76, 4.84.- 


A yelloy Liquta, soluble in ether and benzene. B.p. 210-820° at & my 
np? 1.4380; 0.9322; MRp 126.6; calculated for Co4F510cN: MRp 126.8. 


Found 4%: C 63.81, 63.72; H 11.40, 11.41. 
Co4Hs106N. Calculated C 64.10; H ll. 43. 
Found %: N 3.43, "3.45. 
Calculated N 3.11. 


The individuality of the product was proved by dieing it into narrower ; 
fractions and Getermining the molecular refraction on each of these. 


“SUMARY 
1. ~Chloroethyl isopropyl and 8-chloroethyl isobutyl acetal have 
been prepared. 


2. It has been shown that a radical of iso-structure does not inhibit the . 
disproportionation of mixed chloroacetals. 


3. B-Aminoethyl isopropyl acetal and f-eminoethyl isobutyl acetal and 


also aminoacetals ee secondary and tertiary amino oo have been syn-. 
thesized. 


h, It has ‘been estab ished that the yields of aminoacetals containing 
mary, secondary, and tertiary amino groups depend on the reaction conditions. 


5. It has been found that, unlike dialkyl acetals, amixoacetals are diffi- 


cult to hydrolyze and Go not undergo under the conditions 
synthesis. 


6. The peculiar properties of aminoacetals are to oe explained by the 
presence in their molecules of an amino grcup in the B-positicn to oxygen, 
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of aiccholysis or simple esterification [7]. 


“and stearic acid in presence of sulfuric acid as catalyst. The ester had m.p. 


. In one of ovr previous communications [1] we investigated the kinetics of, 
the acidolysis of ethyl stearate by acetic acid and showed that this ester reacts . a) 
readily with acetic acid; at 250°, equilibrium is established at Lhd, conversion. . 
It was interesting to “elucidate the role of acidolysis in the case of dicarboxylic 
acids, since these are the initiel materials for the preparation of polyesters, : 7 
The ability of polyesters to undergo acidolysis with dicarboxylic acids was es- 
tablished long ego [2]. However, from the point of view of kinetics, this pro- - if 
cess has not been investigated. In order to study the acidolysis reaction, we 7 
investigated the kinetics of a modvi reaction, viz. ethyl vr with penrass Ge 
acid and also ethyl stearate with adipic acid. mr 


Menshutkin [3] hes shown that the process of esterifying ‘ithe acids 
is quite similar to that of esterifying monobasic acids, and the change in re- : 
action rate in accordance with structure goes in the same direction as for mono- 
basic acids: primary acids give the highest rate, tertiery - the lowest. Accord- | 
ing to the deta available in the literature on the alcoholysis [4] and transes- 
terification of monobasic acids [5], it may be concluded that also in the cese of 
the transesterification of dicarboxylic acids, these laws still hold. There are 
few data in the literature on the reaction of ecidolysis by dicarboxylic acids [6], 
and the kinetics of this process have, in general, not been investigated; hence, 
such an investigation has also a special interest of its own. The present work 
has for its objective the investigation of the course of the acicolysis by di-~ 
carboxylic acids with time at various temperatures, the elucidation of the effect 
of the ratio of the initial components on the result of transesterification, and — 
also the determination of the effect that sulfuric acid has on the acidolysis 
reaction, for in the literature there are indications that sulfuric acid catalyzes | 
the acidolysis prcecess consid:rably less effectively than it does the 


- 


The ethyl stesrate employed was prepared by us by nisibites ethyl alcohol © 


53° (literature data 33.7° [8]) and ester value 182 (calculated 179.5). The itea 

succinic and adipic acids were from water and had acid values... 

Ta the ats on acidolysis by dicarboxylic acids, the procedure 

ready applied in- the investigation of the of ethyl stearate: 


H 


The anasiiins wail for the analysis of the products of the acldolyste of - 


‘ 
. ee . . . . 
‘ 
. 
=} 


' 

o 


ethyl stearate by succinic and adipic acids, in accordance with the equation. 


+ COOH + Cols: 000 (Cita) 


‘was based on the fact that the stearic acid that 4c pase during the reaction’ 

is insoluble in water, and it is therefore possible to make a quantitative de. 
termination of succinic or adipic acid, which 4s soluble in water. Thus, at 20°, 
the solubilities in water are: succinic acid, 5.84; adipic acid, 1.6%, [9]. 

- The solubilities = water of these acids inline increased by increasing the temp. 
erature. 


The analysis was carried out as follows: the contents of the tube were 
dissolved in 100 ml of distilled water at 50-60°. After allowing to stand for 
10-15 minutes with occasional shaking, the contents of the flesk were cooled to 
room tempereture. The precipitate was filtered off, and the filtrate wes titrated 
with 0.1 N NaOH in presence of phenolphthalein. In order to verify the accuracy . 
of the method, mixtures of equivalent amounts were taken: 1) 1 mole of edipic 
acid to 2 moles of ethyl stearate; 2) 1 mole of succinic acid to 2 moles of ethyl 
stearate. Each mixture was melted up, dissolved in distilled ‘water, warmed to 
50°, and filtered off from the residue. The filtrate was titrated with O.1N . 
NaOH. Experiment showed that adipic and suceinte acids titrate 
in presence of 


EXPERIMENTAL : 
Acidolysis of Ethyl Stearate with Succinic Acid 


. 1. The acidolysis of ethyl stearate with succinic acid was carried out at 
three different temperatures: 122-123; 168-169°; 183-184°. Ethyl stearate and 
succinic acid were taken in the molar ratio of 2:1. The results of the experi- 
ments are given in Table l. 


TABLE 


Tube Amount of Duration |Teupera- 
K succinic ecid]| of ture, °C 
* |that has re- | heating, 
acted, % hours 


"ANN. 


122-123 
122.123 
122-123 
122-125 
122-125 
168-169 183-184 
168-169 183-184 


2. The ef of varicus ester-acia. on 1 the of ethyl. 
stearate by succinic acid was then investigated. The tubes were heate: Zor 5 
hours at 168-169°. The results of the experiments are given in Teble 2. - 


3. The acidolysis of ethyl stearate by succinic acid in moler ri7%2 2:1 
in’ presence of sulfuric acid (1% on weight of ethyl stearate) was tt== inves- 
— The results of the experiments are given in Table 3. 


b) Acidolysis of Ethyl Stearate with Adipic Acid 


The acidolysis of ethyl stearate with adipic acid was carried 
four different temperatures: 122-123°; 168-169°; 183-18'4°; and 250°. the 


¢ 
Amount of Duration |Tempera- 
succinic acidjof ture, °C 
that has heating, 
reacted hours 


that has 
reacted, % 


first three the expere 
iments were carried out by the meth- ~ 
od indicated above,. For 250°, the 
tubes were heated in the vapor of 2 
boiling diphenyl?). The results of ~ 
the experiments are given in Table 


Tube} Amount of Duration | Tempera- 
No. j|adipic acid | of 

that has heating, 

reacted, % | hours 


122-125 
122-125 
122-125 
122-125 


168-169 
168-169 
168-169 
168-169 


DISCUSSION OF RESULTS 


The results that we have, obtained are shown graphically a Fig. 1, for 
the acidolysis by succinic acid (Tables 1 and 3), and in Fig. 2 for various 
amounts of succinic acid. On Fig. 3, the results are shown for acidolysis by. 
adipic acid. From these figures it will be seen that both for succinic acid and ° a 
for adipic acid the reaction rate increases with temperature. Thus, while the 
amount of succinic acid reacting at 122-]23° is 11.6%, at 183-184° it attains 
21.9%; for — acid: 13. 9% at arta rises to 25. 6% at 1835-184°, and to 
32h at . 


Menshutkin has found that the rate of the sinesttiectne: sellin falls 
with increase in the mclecular wight cf the acid. For the trarsesterification 
of ethyl stearate by adipic and succinic acids it would be expected that this 

" rule would continue to hold, for a similar rule with respect tc alcohols is 
maintained in the case of alcoholysis [3]. However, it will te seen from the . 
curves that the reaction rate for adipic acid at 122-123° and 168-169° is higher. 
than for succinic acid. This may be explained, evidently, by the fact that ~ 


. 


1) The Russian word used here is "dinyl", evidently a typographical error. CB. 


~ 


. 


———- 
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Tube [Amount of esuccinic|Molar ratic Tube cinic|Duration 
No. jecid thatshas esterzacid No. lof heating, ‘IG 
42 21.2 120.25 
5 s.2 1:0.1. 
Tube [Amount of [Duration |Tempera- 
No. |adipic acidlof ture, °C. 
that has heating, 
reacted, % Jhours 
2 11.7 3 183-184 
4 13.9 5 185-184 - 
2 18.7 3 
3 19.5 . 
| 


sex 


Amount 
hat has 
: 
Amaunt of aci 


that has te 


Gi Qe G5 40. 


Fig. 1. 1) 168-169°, catel- 


acid has a of 183° and is in the solid state at ‘the teap~ 
erature of the reaction (succinic acid is insOluble in the ester at 183°), where- 
es adipic acid, which has a melting point of 153°, is soluble in the ester, and 
the reaction proceeds not in a heterogeneous medium, as in the case of succinic 
acid, but in a homogeneous one. At 183-184°, the rate of trausesterification is 
higher in the first few hours for adipic acid than for succinic ree but later, 
the rate for succinic acid becemes the higher. 


Tempera- 
ture, ° 
250 
183 
168 


250-183 
- 183-168 
168-122 
250-122 
. The acidolysis of the dicarboxylic 
acids was carried cut without catalyst, ° 
and the fact that the reaction did go 3) 
shows that acidolysis without catalyst is 192 125°. 
i possible. It is evident that the acid ee tes m" 
itself is able in some measure to catalyze th 


this process. In the literature there are indications [6] that sulfuric outa 
is not @ good catalyst for acidolysis. In carrying out the acidolysis by suc- 
, cinic acid, an experiment was done with the objective of determining the cata]- 
f ytical actien of sulfuric acid on the acidolysis reaction.. From the curve in 
- Fig. 1 it will be seen that sulfuric acid catalyzes the process fairly strongly. 


j 


k 
4.32 0.222 0.956 -0.733 ~9.927 0.325 
10.4 0.111 1.15 -0.45 | 6.345 
| 12 0.109 1.32 | -0.387 | 0.314 
38.5 0.071 2.74 —2.66 -0.194 | 0.165 


Whereas at 168. 169° without catalyst actdolysis eenctied only to the extent of. 
16%, in presence of sulfuric acid (1% on wt. of ethyl steurate), it proceeded 
to the extent of 534%, 4.e. 3.3 times more rapidly. For the acidolysis of ethyl 
stearate by succinic acid, the effect on the reaction of the molar proportions == ° 
ef ester and acid was investigated (Fig. 2). It was found that with increase . 
in the ethyl. stearate:succinic acid ratio the percent acid that reacts increases. 


On the basis of the results obtained (Table 4) the equilibrium conetants 
were calculated; also the rate constants for the forward and reverse 


The data in Table 5 served for the calculation of the sikvetina: energies 
of the forward end reverse process, and these are given in Tebie 6. 


The results obteined show that part (in the case of adipic ‘sit at 250° - 
32%) of the ester taken undergoes the acidolysis reaction, and in presence of 
catalyst es much as helf of the ester reacts. From this it may be regarded as - 
beyond doubt. that also in the process of polyesterification this process of - . ee 
interaction between the growing molecules and the original molecule must pley, 
together with elcoholysis, a considerable part and will determine the Limiting : a 
molecular weight and ee se distribution in the polymers. 
SUMMARY 
1. The kinetics of the acidolysis reaction of ethyl stearate with nice . 
and adipic acids have been investigated at 122, 168, 183, and 250°. — ; 


2. It is shown that the reaction of acidolysis by dicarboxylic acids may 
proceed even without a catalyst; however, sulfuric acid considerably increases - ‘ 
the reaction rate. - 


3. It has been found that the ratio of and 
taken has an effect on the percent conversion of the acid during ee: f : 
The higher this ratio, the further the reaction goes.- ; 


4h, It is shown that the acidolysis reaction is of great importance in the 
polyesterification process. 
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CHEMICAL CHANGES PRODUCED IN THE CELLULOSE ACROMOLECULE 

COMMUNICATION 6. PRESENCE IN OXYCELLULOSES or CARBONIC 

ESTER GROUPINGS AND THEIR EFFECT ON THE ESTIMATION oF: a eee 


E. D. Kaverzneva, v. I. Tvanov, and A. S. Salova 


In the course of our investigations into the composition of oxycelluloses, % 
we have established that, in the determination of the uronic COOH content of . . 
oxycelluloses obtained by the ection of sodium hypochlorite in acid and neutral. 
medium, values are regularly obtained that exceed the total content of carboxyl 
groups in these preparations. _oy oxidation in alkaline . 
medium do not give this effect. - 


TABLE 1 - 


Content of Total and Uronic COOH Groups in 
by Oxidation with Nadcl - : 


Seu COOH groups equiv. 
conditions luc. res. 


ation with 
12% HCl 
Oxidized 0.76 
in acid 1.10 
mediun 1.04 
3.82 
Ozidized 0.35 
in neutral 0.835 
1.01 


medium 
Similar observaticns were made by Kenyon and his co-workers when analyzing ao 
celluronic acids obtained by oxidation with NOs [1]; the cause.of this phenomenon 
remained unknown, although these authors made a number of observations on this es ae 
Subject. However, behind this ncn -accord of two analytical methods some pecul-. 


jarities in the structure of oxycelluloses that are not taken into account in ae ot 


the analysis may be hidden. Therefore, we considered it necessary to go ane 


The method of ‘the free “coon groups titrating the 
acid liberated in the reaction of the COOH groups of the oxycellulose with cal- 
Cium acetate did not give us any particularreason for dovbt. This method has 


qj 
Differ-}|Oxidation | COOH groups equiv.| Differ- 
ence, |j/conditions| to 100 gluc. res.jence - 
Decarboxyl4 (1 . By Ca |Decarboxylj {1-2)- - 
acetate jation with ‘ 
| method |12% HCl 
1 2 
-0.34 llOxidized 0.38 | -0.05 
-0.53 alk- 0.65 |. 0.57 0.01 
-0.30 |laline 1.44 | 0.83 
-0.87 ||mediun 1.47 | 0.71 
-0.08 -} 3.49 1.58 


. 
. 
. 


boiling given in our work.. . 


been checked and with other methods of detennining the acidity 
of cellulose [2,3]. When satisfactory climination of mineral elements from the 
oxycelluloseshas been achieved and when correct procedure (maintenance of pH) is 
used, the calcium acetate method gives good egreement with the method of revers- 
ible adsorption of methylene blue and somewhat lower results in comparison with 


the Ag phenate method and the method of titrating with NaOH in presence of salts. 


The determination of uronic COOH groups by decarboxyletion with boiling 124% 
HCl can under certain circumstances lead to an excessive formation of COs. On 
boiling with HCl, decarboxylation occurs not only with typical uronic acids but 
also, with quantitative yield, with various ketocarboxylic acids. Reaction occurs 
also, to an insignificant extent, with many hydroxycarboxylic acids, e.g., 
gluconic acid, and also glyoxalic and oxalic acids [4] and compounds not con- 


-taining COOH groups [5], including glucose, which yields about 0.2% C02 on its 


weight during 5 hours of reaction. However, on carrying out the yesation on 
pure cotton, the amount of C02 evolved amounts to only 0.04% by weight. Hence, 
the slow formation of glucose during the hydrolysis of celinios e cannot be the 
cause of the enhanced evolution of C02 during the analysis of oe 


The separation of COm2 from non-uronic 
compounds is characterized by a slow rate bf a 
of reaction. While, for full decarboxyla- *. 
tion of glucuronic acid, 3-5 hours is suf- 
ficient, the formation of COs from a nunm- 
ber of carbohydrates proceeds in regular 
fashion, without any sbatement in ten or 
twenty hours [4]. Hence, the presence of 
non-uronic compounds that yield C02 on 
boiling with 12% HCl will shave an effect 
on the results of prolonged experiments, 
but will have practically no effect on the 
determination of uronic acids in oxycel- 
lulose under the conditions of the 5-hour 


The curves for the decarboxylation of 


oxycelluloses in our experiments have a Fig. 1.- Evolution of C02 on boil- 
fairly sharp bend at 5 hours of reaction, . ing with 12% HCl for oxycelluloses 
pointing to completion of the decarboxyl- produced by acid and alkaline 
ation of uronic acids. Slow evolution of | oxidation with hypochlorite; 1,2) 
CO2 continues efter 5 hours; it is neg- pH~3; 3,5) pH 11; 4%) pH 4,6. 


ligible for oxycelluloses formed in alka- 
line medium, but is more significant for 


the products of acid oxidation. 


It is clear that e very small amount of further diciesitieiciliatin is ecturring. 
Calculation shows that these secondary reactions cannot cause an error of more 
than 0.02-0.044% in the estimation of uronic COOH in oxycelluloses, even if we. 
introduce the senventSinn suggested by Whistler and others [5]. Apart from all 
these considerations, it is characteristic that an excessive amount of COs is 
evolved only by those preparations formed by oxidation in acid or neutral medium. 
It is logical to suppose that this phenomenon is related to peculiarities in the 
structure of these oxycelluloses that have not been taken into account. 


We have shown [6] that there are masked ester-linked carboxyls in oxycellu-— 
loses. We concluded that these blocked carboxyls form lactone linkages within. 
the glucose residues and that such linkages should be formed most eee 


tween the COOH at sa and the OH at ya in the glucose residues. 


200 


| 
| 
3 
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: 

‘Tame ef Roating heurs 


There is no doubt that COOH will be taken 
in methods for determining free COOH groups, but will be decarboxylated on boil- . 
ing the oxycelluloses with 12% HCl and give an excessive emount of C02. 


values for free COOH, given in the estimation of uronic COOH is the participation 
in the reaction of the lactonized uronic carboxyls. In order to make this con-- 
clusion quite convincing, we made a check on a number of other possible causes . 
for the increased consumption of Pa(OH)e in the absorbers, viz.: 


1) Entrainment by the pass ing air stream of formic acid formed during the” 
reaction (from decomposition of cerbohydrates). : 


. 2) Oxidative hydrolysis of unstable products of tnteimattiiite pctamlladbtins 
with the formation of. new COOH that ‘he . 
estimation. 


3) The presence oxyeelluloses of carbonic esters that are unsteble 
alkalis, 


As a result of our Suinetiakieia. we rejected the first t ane of these causes 
and showed that it is very ara that carbonic ester groupings are _—— in , 
certain oxycelluloses. 


1. In experiments in which soietions ‘of 


- 


The neutralization of 0.1 ml Ba(OH)>, 
using 0.4 g of oxycellulose, gives a dif- 
ference in the COOH cones of 0.014%, and 
for a 0,2-g sample — 0.02%; these lie 
within the limits of the accuracy of the 


Formic acid Formic 
taken (mg) |(0.02 N)|carried 


0.000 


2. The possibility of 0.100 


lysis was excluded by replacing the stream of 


did net affect the results of the determination. 


Found by in stream of (prep. No. 7) ie. 


oxtdative processes ‘do not cause extra evolution of C02 during 
the analysis. 


3. When carbonic ester iiciihaiey are ‘present in oxycellulose, C02 should 
split off on merely hydrolyzing with dilute alkali in the cold. In order .. 


pure formic acid were boiled for 5 hours, ; TABLE 2 : ; 
taking anounts in excess of those thet could of the 
be present when estimating uronic COOH, no of Formic Acid in the Estimaticn 
appreciable carrying over of the formic acid of uronic COOH groups during 5 © 
in the air streem could be found. Hours of Reaction 


air used in the estimaticn of COOH groups by a st tream of air-free nitrogen. This - 


Found by analysis in stream of air (prep. No. 1) - 0. 2954 


to check on this Suggestion we carried out experiments in which oxycelluloses © ta’ 


Thus, the most probable cause of the enhanced values, in comparison with the ae 


- 


| 
af 
1.0 0.00 


e 
. e 


‘ 


were hydrolyzed without access to C02 in the cold using COz-free 1% NoOH for 1 
hour, followed by acidification and expelling C02 by blowing, also without heet. 
In these experiments, as in all others, parallel) determinations were made on the 
reagents alone and, as a result, corrections for the blank were introduced. A 
perfectly definite result was obtained: the initial.cellulose gave practically. 
no COo (Experiments 1-3), alkaline-oxidized preparations also did not react (Ex- 
periments 4-5), but the products of acid-hypochlorite oxidation gave ne but 
quite detectable amounts of C02 (Experiments 


a. TABLE 3° : 
Oe: Liberated from Oxycelluloses after Treating them with 4 NaOH in the Cold ° 


Anount Mean %|COa(equiv 
taken (g) jerated 


100 
\gluc.res) 
1 |Original cellulose 1.8010 
2 |Original cellulose 1.2840 0.007 | 0.025 
3 Original cellulose 0.5160 
4h |Oxycellulose, Prep.No.9 1.8560 0.05 0.010 jl, 005 0.018 
(alk.oxid. ) 0.4610 0.06 0.001 
6 |Oxycellulose, Prep. No. 7 : 
0.5106 0.29 | 0.029 
T | (acid oxid.) 0.4278 | 0.65 | 0,065 |forrT | 9-270 
8 |Prep. No.1 (high —_ of 2.5122 2.70 0.047 
oxid. ) 
9 2.0130 1.80 0.039 | 0.160 
0 0.5160 | 0.56 | 0.048 
11 |Oxycellulose, Prep. No. 2 0.5178 0.10 0.009. 
12 | (neut.oxid.) 1.5910 | 0.89 | 0.02h | [0-026 | 0-060 


Although the figures given in this table ere very low in sbsolute value, 
they deserve to be considered, for the nicro-method of determining COa developed 
in our laboratory is, distinguished by high accuracy and reproducibility, and the 
usual discrepancy between perallel determinations does not exceed 0. 01%, as can 
be seen from the table. _ 


Thus, the presence “in oxycelluloses formed by acid-and 
oxidation of e small number of linkages of the carbonic ester type is quite prob- . 


able. They can be imagined to be formed by the oxidative splitting of the pyran 
‘ring at a keto group, forming a new aldehyde. or carboxyl group atC-2 and a cer- 


bonate linkage atC-1. The idea of the possible presence of carbonic ester groups 
was expressed by Staudinger, but it was not proved in any way (7] (see p. 203). 


The amounts of carbonic esters found, however, are very small and do not 


‘account for the difference between the total and uronic carboxyl contents. Oxy- 


cellulose preparations treated with alkali in the cold and therefore not contain- 


* ing carbonate groups gave, nevertheless, an excess ae of uronic COOH pinta) 


For example, Preparation No. 7 contained: 


COOH groups by the Ca acetate method . 0.7h- equiv.per 100 giluc. res. 
COOH groups (uronic) . « « 1.0% equiv.per 100 gluc.res. 


/ 


of carbonate groupd . ee eee 0,84 100 gluc.res, 


ee 
(4.e., more than total COOH: . 100 


Eence, the presence of carbonate groups in oxycelluloses contributes to the ~.. 
increased liberation of COom during decerboxyletion, but is not the only cause, ie 
As the other sources that we have considered that could act in this direction 
have teen eliminated, it must be admitted thet the main cause of the increased 
content of uronic COOH groups in oxycelluloses, in comparison with the total ares. 
COOH Groups, is the partial lectonizetion of the uronic COOH o-- 


1. The causes of the non-accord in determinations of total end uronic carb 


oxyls in oxycelluloses’ prepered by the action of Nad0cl in acid and neutral media - 
have been elucidated, 


2. It has been established thet these causes are 1) the participation in - 
reaction of lectonized carboxyls and 2) the presence in these oe of 4 a. 
6mal1l1 proportion of carbonic ester Groups. 


3. The cerbonic ester groups in oxycelluloses are very cite. Sete 
readily hydrolysed by dilute alkali in the cold and by acids on warming. The- 
preserce of these groups is one of the contributing causes of the high instability 
towards alkaiis of oxycelluloses formed oxidation in en ecid medium. 
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"ANSWER TO THE CRITICS ‘OF THE NEW STRUCTURAL THEORY 


About three. years ago I advanced the New Structural Theory [1], which was a 
development of the classical structural theory in the light of newly accumulated — 
experinental data. An obstacle to the acceptance of the theory was the bitter -. 
opposition on the part of Ingold-Paulingites. Deprived of the possibility of de- 
fending the mesomerism-resonence theory in its direct form, they strive at least 

to cast the New Structural Theory from the threshold. While there is yet'no new . 
theory that can take the place of the mesomerism-resonance theory, they still re- 
tain the hope of preserving the latter in one or another disguised forn, neta 


i Recently, a number of articles has _been published criticizing the New : 
Structural Theory. An examination of this criticism ig bound to be useful. .The 
general thesis of the critics of the New Structural Theory is that it is not ia 
accord with *contemporary physics". Reutov writes [2]:"G.V.Chelintsev tries “to. 
construct his theory while ignoring the modern achievements of physics....'. 

Kursanov, Gonikberg, Dubinin, Kabachnik, Kaverzneva, Prilezhaeva, Sokolov, and 

Freydlina write: "the understanding of the nature of the chemical bond demands 

; the application and consideration of all the data yielded by modern chemistry 

; and physics. One of tke attempts at constructing @ aew theory of the chemical . 
bond without taking these data into account is the "New Structural Theory” ad- .. 
vanced by G.V.Chelintsev™. One of the main propagandists of Pauling'’s resonance 
theory, Volkenshtein, writes [3]: "one cannot help expressing regret that in our 
day there should appear work devoted to matters of principle concerning the ... 
structure of chemical conpounds which at the same time ignores the achievements | E 
of physical science. Such work (e.g., the work of G.V.Chelintsev) stands in : as 
sharp contradiction to the best traditions of the Russian vanguard of science, ; 
the treditions of A.M.Butlerov....", and so on. 


The allegation that the New Structural Theory is invalid on pitas grounds 
is based on two sorts of considerations. On the one hand, it is asserted that 
the lew of the localization of orbitals on one or on two atoms; which is at the” 
basis of the theory, is in direct contradiction to the quantum-mechanical con- - 
cept of the wave properties of the electron and, consequently, the New Structural 
Theory has not taken into acceunt the echievemnents of contemporary physics. -This 
. is simply a misunderstanding. Not in any quentum mechanics is there a postulate - 
; of the necessity of diffuseness in the electron on account of its wave proper- . _ 
4 ties —- either throughout the universe of throughout the atoms of a particle. In ~ 
: quantum mechanics, atoms and molecules are regarded as highly organized systems, 
i in which every electron has its own characteristics, and every orbital belongs 
to one or to two atomic nuclei. What is more, Pavli'’s principle directly de- | - 
fines the saturability of bonds, i.e., the inability of an electron to take part - 
Simultaneously in two covalent links, i.e., the impossibility of electron orbit- 
als associated with three or more atoms. Thus, the law of the localization of 


- 


= 
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electron orbitals on one or on two atons.is in ful). accord with contemporary phy- 
‘ sics, and, on the contrary, the denial of this law in the concept of the delocal- 
ization ‘of electron orbitals is nothing more than a chemical variant of ™ —_— 
istic idea of free will in an electron. 


The law of the localization of electron orbitals on one or on two atoms aia 
not originate from me; it is a direct consequence of an enormous amount of chem- 
ical experience in the expression and prediction of the various types of mole- 
cule. When put in concrete form in electronic structural formulas, the lew of 
the localization of orbitals determines the correspondence between the number 
of formulas and the number of actual molecules and determines the possibilities 

‘ of prediction of electronic structural theory. The law of the localization of | 
electron orbitals in one or in two atoms molés the Butlerov teaching concerning 
chemical. ‘structure to the pattern of electron-nucleus concepts-only in the 
light of this lew can the qualitative differences in the interactions of chem- © 
ically linked and unlinked atoms, i.e. Butlerov’s assertion of the true nature 
of structural formulas, be wundcrstood. If in nature the law of the localiza- 
tion of electron orbitals did not exist, if, indeed, the wave properties of the 
electron predetermined that it should have a smeared character in 411 atoms, 
then the chemical world would appear not as an assembly of discrete molecules 
that are mutually interconvertible in ili but as some eerie: of — of 
protons and electrons. eo 


The concept of the of electron has nothing to ao 
with contemporary scientific physics and has been devised only in mesomerisn- 
resonance theory. The only basis for this concept is the lack of correspon- 
dence between the formulas of conjugated compounds and experimental data. This _ 
concept. is nothing more than a hypothetical assumption directed towards the 
elimination of this non-correspondence. Why bring in quantum mechanics, con- 

On the other hand, the allegation that the New Structural Theory is in- 
valid on physical grounds is based also on considerations concerning the non- : 
correspondence of the theory with experimental data obtained by modern physi- ‘ 
cal methods. Here it is pointed out in particular that orbit-contact formulas i 
for benzene, ethylene, naphthalene, anthrecene, etc. are in contradiction with A 
results that indicate the absence of a center of symmetry in the benzene mole- , 
cule and the absence of a dipole moment in the ethylene, naphthalene, and . 
anthracene molecules. As it stands, this essertion can be regarded only as the’ 
result of a gross misunderstanding. Orbit-contact formulas for benzene, ethyl- — 
ene, naphthalene, anthracene, etc. are possible only in the light of the con- y 
cept of the honmopolar electrovalent bond, and the pluses and minuses in these 
‘formulas express, as stipulated, not the polarity of the bonds, but the charges 
of the atoms, i.e., the excess or deficiercy of electrons in the electron shells 
of the atcems with respect to the charges on their nuclei. The assertion con-. ee 

_ cerning the ron-ccrrespondence of the crbit-ccntact fcrmules of benzene, ethyl- 
ene, naphthalere, acthracene, etc. with experimental data can be considered 
only as a rot very successful attempt to assert the sa of the wate 
of the electrova: sent bond. 

Let us hovever, whether the concept of the 
bond is quite as absurd as it appears at first glance. It is generally know 
that dipole moments of ionic molecules ars always lower in value than would 
be calculated for an "ideally ionic™ bond. In mesomerism-rescnance theory 
these results are re in considerations concerning the covalent aeentninianel 


g 


tion in tonite bonds, and in electronic theory in considerations 

relating to the defornetione of the electronic clouds of the atoms. From all: 

points of view the polar state of a bond is regarded not as a result of the ig 

inflexibility (non-deformability) of the electron clouds of the but as 

& result of the varied characters the atoms. 


this it follows that in the an 
in terms of the law of the localization of electron orbitals there can be no - a 
objection in principle against concepts concerning. the possibility of ‘level. ead 
ing out the electron density in such a bond— according to the method of the:: *-" 
of electron clouds oppositely charged atoms (shown diegrammat: 
ically): 


When ‘the electrovalent atoms are of different electrophilic character, this: 
leveling out is achieved only to a certain extent; when they have the same 


electrophilic character, it goes to with formation of a homopolar 
electrovalent bond. . 


- 


Acceptance of the of the homopolar electrovalent bond ° 
by the fact that between equally uaa grag atoms a covalent link is ener- ..’ 
getically more advantegeous. However, it is possible to imagine cases in ye 
an electrovalent arrangement in the bond is bound to occur. The notion of an- 
electrovalent structure in a bond between atoms (generally covalently linked) . 
that differ little in electrophilic character, such as nitrogen and oxygen, 


sulfur and oxygen in "semipolar systems", where the covalent Sathana is - 
in conflict with the octet rule: 


The octet rule the fact that the the nitrogen- -oxygen ‘donds : 
in the nitro group are equal lead to the following formule: 


+ 


from which it follows that the electrovalent bond structure may turn out to be . 
more advantageous even in cases where a covalent bond structure is not in con- 
flict either with the condition that there should te sharp cifference in the ~ 


electrophilic natures of the atoms, or with the octet rule. 


‘It is not difficult to show that in conjugated e. the; 
benzene nucleus, electrovalent bonds are preferable to covalent bonds = even 
when the atoms have = character: 


It 468 obvious that six electrovalcnt bonds are cnergeticaully more advan. 
tugeous than three covalent links. Hence, cyclohexatricne is pseudomeric with 
. benzene. ‘However, in consequence of the equal electrophilic character of the . 
: : carbon atoms (and as a result of the deformation of their electron clouds), | 
E the electrovalent bonds in the benzene nucleus are homopolar. Hence, the con- 
‘cept of e homopolar electrovalent bond within conjugated systems is far from. 
being an absurdity — it has ete en experimental and a theoretical basis. 
‘The critics of the New Theory assert also that the ‘concept of 
hypermechanical, chenically-combining interactions in molecules is tantamount . 
to a concept of mystical "life forces", Nesmeyanov writes [4]: "Chemical . : 
bonds have a combining function! What is this, a truism after the manner of . 
; : Kozma Prutkov? Or is it an attempt to introduce into science some sort of 
special "connective relationships’ — some special chemical force that stands 
outside the ordinary, well-known attraction-repulsion interactions of elec- 
trons and muclei and has the same right to a place in science as, in the last I 
century, did the special life force that wes to explain the specificity of eet 
biological phenomena ......It is this sort of pronouncement that Chelintsev 
considers to be an application of dialectical materialism in chemistry!" ...— 
"In his definition: ‘reaction signifies discontinuous change in the chemical 
structure, preceded, accompanied, and succeeded by continuous changes in the 
distribution of atomic nuclei and electron densit ty’, Chelintsev again shows 
that he considers” the quantitative changes in the distribution of nuclei and 
electrons. only as an accompaniment, as it were, to the reaction and that he 
sees the causes of the appearance of a new qualitatively different state in 
something else—in that same mysterious chemical force that he calls a ‘con- 
nective 


Nesaeyanov continues: "™ It is obvious that a chemical is above 
all the conversion of one or several discrete particles (molecules), which 
possess definite qualities, into one or several other discrete particles (mole- 
cules) that possess new, different qualities and that, at the same time, this 
qualitative jump is perforned by means of continuous changes in the distribu- 
tion of atomic nuclei and electron density ....... From which, of course, it 
does not at all follow that chemical phenomena should be reduced to physical 
and electrical, not to say mechanical phenomena, in just the same way as bio- 
logical phenomena are not reducible to chemical and physical phenomena, al- 
though they are dependent on them and although they do not contain any supple- 


mentary life force, but constitute a ee different stratum of mate- 
rial movement!', 


From all this it is clear that Pointed does caiman the possibility © 
of any other kinds of relationship between electrons and nuclei, apart from 
Sp2ce-force relationships, or of any other kinds of change in chemical reac- 
tions, apart from continuous rearrangement of atomic nuclei and of electron 
density. The phenomenon of the discrete molecule, according to Nesmeyanov, 
is completely embraced within the concept of an electron-nucleus aggregate, 
and the phenomenon of discontinuous change in the qualitative nature of mole- 
cules during reactions— within the concept of the variation of the properties 
_ of molecules. Nesmeyanov admits the irreducibility of chemical phenomena to - 

mechanical phenomena, but considers the regarding of a chemical bond rot only 
as " attraction-repulsion: interactions of electrons’ ard nuclei*’, but also as 
a relationship of chemical combination to be as to the admission of 
the existence ofa "mysterious*® life force". 


; 
. 
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None of this 46 in accord with the philosophical meanings of the concepts 
of disereteness, discontinuity, quality, quantity, and property. Nesmeyanov's . 
arguments do not differ in any way from the usual arguments of mechanists who. 
reduce the concept of quality to that of quentity, the concept of continuity 
to the concept of discontinuity, and the concept of the discontinuous, step-wise, 
qualitative in’ the structure to that of a in ite 


The Butlerov concept of hypermechenical chemical concreti=_ 
zation of the Engels concept of hypermechanical chemical movement. Chemical ~ 
movement differs from mechanical movement in the respect that it does not con- 

_ sist only in the redistribution of atomic nuclei and electron density, but - ‘ 
accompanied by step-wise changes in the chemical-combining relationships of - 

‘the electrons end nuclei of the atoms, and of the atoms themselves-changes .- . 
in chemical structure. Outside the concept of chemical structure (1.e., the 
integrated assembly of individuel chemical-combining relationships of the 
atoms together with the atoms themselves, and electrons and nuclei forming the 
molecule, which is qualitatively distinct from the general space-force relations 
between atoms etc., within the molecule and between molecules) the concept of 
hypermechanical chemical moverent has no meaning. In the Butlerov concept of. 
chemical structure we are given an attempt at learning the hypermechanical laws 
that epply to chemical phenomena. It is not attempts at understanding hyper-" - 
mechanical phenomena that lead to idealism, but 

‘Apart from the allegations the of the New 
Structural Theory contains a number of particular remarks, which are brought 
together in Nesmeyenov's article "Reply to G. V. Chelintsev'?[5]). Nesmeyanov 
considers that the occurrence of the leveling-out of bonds in the carbonate 
fon directly proves the truth of the concept of the delocalization of electron 
orbitals and that this phenomenon cannot be expressed in the formulas of the - 


New Structural Theory. However, the New Structural oe gives aa formula 
of the carbonate ion as [6]: : 


thus showing the invalidity of Nesneyanov's allegation in both of its parts. 


Also, Nesmeyanov points out that the orbit-contact formula for benzene “~ 
is not in accord with the evening-out that occurs among the carbon-carbon — ° 
bonds in the molecule. However, even if one ignores the concept of the homo-. ~ 
polar electrovalent bond and erroneously interprets, as Nesmeyanov does, the. ~. 
pluses and minuses of the orbit-contact benzene formula (see above) not as 
indicating the charges on the atoms, but in the sense of bond polarity, then 
even in this case the intercarbon links in *he formula become evened out with | 
respect to length. In as much as Nesmeyanov gives as examples of the non- _ a t 
accord of the New Structural Theory with the phenomenon of the leveling-out . 
of bonds the formulas cf the carbonate ion and benzene, it is evident that . 
the question in dispute is the leveling-out of bonds with respect to | a 
and not with respect to the distribution of electron density between the carbons 
(in the carbonate ion all the bonds are polar). Necmeyanov's assertion about the 


. 


non-accord of the orbit-contact formula of benzene with the phenomenon of the 
. leveling-cut of bonds is therefore erroneous not only in _—, saci also 


Nesneyanov further asserts that since the New Structural 
. use of the octet and tetrahedral rules it rejects the possibility of the ex- 


istence of the molecules of phosphorus pentachloride, molybdenum octefluor- - 
ide, etc. However, the rules of the octet and tetrahedron exist indepen 

dently of the New Structural Theory, and no one to’ then 

Nesmeyanov then rejects the New Btracturek Theory on the ‘grounds: that 
according to the theory stable aromatic molecules of cyclobutadiene and fe 
cyclo-octatetraene should be possible. However, in the New Structural Theory 
it was shown that [7]-" aromatic rings have either five or six members be- 

- cause the energy required to change the valency angles in the formation of 
larger or smaller flat rings exceeds the gain in energy due to aromatic bond 
formation". Indeed, the examples of benzene, the carbonate ion, the guani- 
dine ion, the carboxyl ion, and the nitro group show that double electrova- 
lent-covalernt (semipolar) bonds are arranged in one plane and form valency 
angles (for carbon or nitrogen) approximating to 220°. Thus the cited 
allegation of Nesmeyanov is simply a misunderstanding. 


Nesmeyanov asserts also that in the Structerel oscillation 
concepts are employed. Without these concepts it would be impossible, it is 
alleged, to understand how the orbit-contact formula of anthracene could be 
made to eccord with the absence of a dipole morent in its molecule. These 
concepts are used directly, it is alleged,- in my treatment of the absence of 

isomers in monosubstituted benzene: . 


In as much as the concept concerning oscilletion is a primitive repre- 
sentation of the delocalization of orbitals, the New Structural Theory, being 
based on the law of localization ot orbitals, must be regarded, according to 
Nesmeyanov, as inconsistent. However, the New Structural Theory has no need 
for oscillation concepts. The absence of a dipole moment in anthracene is to . 
be explained by the homopnlarity of its bonds, and the absence of isomeric 
«See monosubstituted benzenes — by its pseudomeric relationships [8] (in conse- 

quence of their ready only more ‘steble structure exists). 

‘Nesmeyanov points out, finally, that the orbit-contact formula of ben- 
zene is equivalent to the formulas of Voriauder and Berkenheim, which have | 
long been rejected. It is generally known that Vorlénder and Berkenheim placed’ 
pluses and minuses on the carbons of the benzene nucleus and that the phenome- 
non of alternating polarity" was discovered long before the coming of the New 
Structural Theory. However, these formulas were rejected because they could 
not be defended outside the concepts of orbit and contact bonds that are given - 
in the New Structural Theory. The criticism by Nesmeyanov of the orbit-con- 
tact formula of benzene is a proof of this — it is quite justified when ap- 
plied to the formulas cf Vorlander and Berkenheim, but invalid in this case. . 
As he does not disccrn the difference between these formulas and do2s not take 


| 
| 
. | 
: | 
| 


of the of the New Theory, Nesmeyanov. is, in fact, 
criticizing not this theory, but Vorltinder and Berkenhe im! s Buch 
is easy, but it misses the mark,” 


must thank Nesmeyanov [9] for only justifiable ‘eritical remarks, 
In the first place, I acknowledge that my application of the unverified. asser= 
tion by Goldschnidt [10] concerning the presence of an axis of third-order sym-: 
metry in crystalline benzene was erroneous. In the second place, ‘I acknowledge ” 
that my statements concerning the causes of coplanarity -in conjugated and aroe. 
matic systems were erroneous also. Nevertheless, these errors, like , 
mevy others which may be found, in no way affect =e basic atthe’ of “the | 

does Chelintsev never make use of this *New Structural Theory’ for scientific” 
purpcecs (and only for the purpose of unrestrained self-praise) 
‘on the basis of the 'New Structural Theory’ has its. author not made ean 
‘to’ meke even avery limited prediction of new facts, not to speak of the veri- 
‘fication of such predictions by experiment? It seems to me that there is only 
one answer, The author of the theory is convinced .of its worthlessness'— and 


‘The of I do not use the New Stroctural for scfentific 
purposes is an obscure one. Is not my use of this theory for solving the ques- 
tion of the structures of hundreds of thousands of conjugated compounds, for — 
confirming the truth of Butlerov’s dialectical-materialistic teaching concern- 
ing chemicel structure, for refuting the sterile Machist mesorerism-resonance- 
theory, and for the elimination of servility end Machism from Soviet chemical _ 
science — is not ny use of this theory for these purposes indeed.an applica- — 
tion of the theory for scientific purposes? As far es my conviction of the . 
worthlessness of the New Structural Theory is concerned, is it really possible 
to suppose that for a number of years I could bear the whole weight of the ‘ 
struggle with the Ingold-Peulingites that were monopolizing Soviet chemical e 
science, if I were not aeoply convinced of. the correctness a. usefulness of 

There venntie the question of the possibilities of prediction in the New 
Structural Theory. It is a great pity that this question was not put at. the | ; 
correct time with respect to the theory of resonance. It was several oS Ee 
befere Kesmeyanov admitted that *?The explanations given by resonance Getes 
@re illuscry and, at the best, consist only of descriptions by méans of en : 
assembly of formulas”! [11]. Eviéeently, for the determination of the possi- 
bilities of prediction in a theory, time ona practice are required, 


Nevertheless, let us examine ‘what indian may be made from the New ‘Wiiet. 
ural Theory: It is here necessary to teke into account that the New Structural 
Theory and mescmerism-resonance theory cannot’ be placed in the same category *: 
as the structure, stereochemical, cc-ordinetion, and electron theories, with 
respect to their role in chemistry. Each of the latter theories reveals the - 
laws of ore or another separaté variety of chemical particle (structural | iso- |. 
mers, stereoisomers, complex compounds, radicals, and ions), and hence eae 
*oraulas are suitable for the een of hitherto unknown ‘particles. 


The Few Structural Theory end euncinnseilidmanitiehia theory aid not come 
icto virtue of their application to some discovered separate. 


Ag 


variety of particle that did come within the scope of 
: In this sense, they cannot predict anything new. However, it does not follow - 
? from this that they cannot be suitable for the prediction of a separate variety 
of particles. In as much as each of them is an attempt at uniting together all 
the theories enumerated above, it is bound to preserve all their possibilities 
of prediction. Consequently, the evaluation of the possibilities of prediction 
for the New Structural Theory and mesomerism-resonance theory with regard to 4 
: separate variety of particles can be done by suitable comparison of one theory 
The eabiriertiy of the ‘New Structural Theory is here obvious. There are 
preserved in it the lews and rules of the chemical combination of atoms and of 
atoms, electrons, and nuclei in particles which are revealed in the above-cnu- 
merated theories and embodied in their formulas — laws of the localization of 
orbitals and bonds, rules of valency numbers, octets, and tetrahedra, of co- 
ordination numbers, co-ordination, and octahedra. There are preserved in it 
the effirmation of the truth of these formulas and of the correspondence of 
each formula to one real particle, and therefore of the possibility of predict- 
ing hitherto unknown particles corresponding to formulas that have not been 
assigned to known particles. On the contrary, the concept of the delocaliza- 
tion of orbitals that lies at the basis of mescmerism-resonance theory logical- 
ly leads to a rejection of the laws and rules mentioned, to affirmation of the 
ficticiousness of the formulas referred to, and to prediction of an unlimited 
number, by comparison with the number of real particles, of distributions of 
atomic nuclei and electron density, i.e., to complete loss of heame prediction 
possibilities of the above-enuncrated theories. 


If with respect to the prediction of separate varieties of molecules the 
New Structural Theory preserves only the possibilities of classical theory, 
then with respect to the prediction of new facts in general, it will be fruit- 
ful in the highest degree. The replacement of the erroneous formulas of hun- 
éreds of thousands of conjugated compounds by correct formulas is bound to 
lead to the enrichnent of the predicting possibilities of the theory of chemi- 
cal structure. Time end practice will lead Mot only to confirmation of the 


truth of the New Structural ree but also to the revelation of its practi- 
cal fruitfulness. 


e 


In spite of its the Rev Structeret Theory, even in its’ 
present form, is incomparably nore practical than mesomerism-resonance theory. 
. It will serve as a reliable basis for chemical — the agate og of 
It is to realize that the of avoiding the 
usual erroneous formulas for conjugated compounds provided in the formulas 
. of Ingoid and Pauling does not help, but hinders the development of chemical 
theory. It should be understood that no other formulas for the chemical 
structure of conjugated compounds apart from those of the New Structural 
Theory can exist on the plane of modern electron-nucleus corcepts. When the 
‘Significance of these formulas has been assimilated, then it will be a 


benzene butadiene winyl chloride - 


. 


oe 


and they will then ‘nok only be true representations of conjugated compounds, 
also practically conyenient methods of representation, 


Soviet chemical theory must be freed from the influences of Secon 
theory and must Gevelop within the plane of Butlerov's dislectical-materi- ye 
alistis concerning chemical structures. 


. 
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" CONTACT BONDS" AND. THE *NEW STRUCTURAL : 

“In his reply to of the New Structural Theory Chelintéev" is 

concerned with certain of my critical pronouncements [2]. He admitted only two" ’ 

of the concrete critical inferences that I made, and these directly concerned the 
nature and formation of "contact bonds". These were: the error made by Chelintsey - 
in attributing an incorrect axis or third-order symnetry to crystals of benzene in 
his considerations concernirg the structure of the benzene molecule, and his error _ 
in making the assertion that the coplanarity of olefin, aromatic, and similar 
molecules.can be derived from the properties.of the contact bond, as being a bond 
of octahedral origin. However, he considers that’ these mixtekes are special ate 
‘eases, admits that his New Structural Theory still contains many similar mistakes, ~ 
and is convinced that these errors do not affect the basic principles of his 

theory. Certain other of my concrete criticisms, all concerning the same contact 
bond, he passes over in silence (e.g., the tetrahedral character of HgIi, which’ . . 
corresponds, according to Chelintsev's theory, to an orbit structure like that of | 
CH, and therefore dissociates tetrahedrally built complex compounds from a group 

of compounds that are obviously closely related - the octahedrally built complexes; 
the phenomena of substitution erientation in aromatic compounds as a ne and in 
five-membered compounds in and so on). 


He gives answers to a number of concrete critical remarks, and as I cannot 
agree that these answers are satisfactory and as I cannot regard the errors pointed 
out by me and admitted by Chelintsev as special cases, I am forced to ‘continue my 
discussion of the "New Structural Theory". 


The New Structural Theory is based on the recognition of two ‘eiiek ‘of bond - 

*orbit™ bonds and "contact" bonds. Orbit bonds, as described by Chelintsev, have 

not a single characteristic that distinguishes them from ordinary covalent bonds, - 
Thus, orbit bonds differ from covalent bonds only in name. Hence, it is not these. 
that lie at the basis of Chelintsev's theory. This is the part played by contact - 
bonds. The latter "are subject to the rules of coordination nunbers, of coordina- 
ation, and of the octahedron". 7) "They are possible between coordinately unsatur- | 
ated oppositely charged atoms, between coordinately unsaturated neutral atom-di- . 
_Foles, and between the ones and the others, and here in the character of atom-di- | ~ 
poles we meet atoms with incomplete octets of valency electrons and atoms with un--. 
shared electrons in their valency shells. The.main difference between charged © 

atoms and atcm-dipoles is that the former can form contact bonds directed towards 

all the corrers of en octahedron (within the limits of their coordination numbers) , ~ 
while the latter form contact bonds only in directions corresponding to maximum . 

and minimum electron density in their volumes. The coordination rule is the ~~. © 
rule of oprosite of atoms in the direction of the contact bond". 


2 


* Here and later, the quotations are from Chelintsev's book [3]. ” 
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Contact bonds "are built by the defomnative sharing by two atoms of elec- 
trons that are not orbitully shared’?. "The concept of the contact bond cor- 
responds to the concepts of ‘physical’, ‘ionic’, "electrovalent’, "ion-dipole’, 
and "hydrogen' bonds." 
!The concepts of orbit and contact bonds differ from the above-mentioned 
corresponding concepts in that the qualitative distinction between them and be- . 


tween either of them and Coulomb attractive forces (e.g., ‘indirect’ bonds -with 


_. @tous in the second co-ordination zone) is expressed in their structures. Both 


orbit and contact bonds have not only attractive, but also combinational (deeper 
in the first case) significance and determine in a fundamental way the peculiar 
properties of the orbit- or contact-bond particles. Both orbit and contact 
bonds possess not only Coulomb (when they are polar), but also ‘intrinsic’ en- © 


. ergies (more significant in the first case), being respectively - the energy 


of electron-orbit sharing ("exchange', "'resonance’) and the energy of the de- 
formative sharing of electrons; these determine the discreteness of the orbit- 
or contact-bond particles. Attractive forces act both between combined, and 
@lso betweon uncombined electrons, nuclei, and atoms, and these forces aeter- . 
mine the properties of the particles to a considerable extent, but, in distinc- 


tion to the bonds, they do not in any way determine the qualitative a 
ties of the molecules." 


The central points of Chelintsev's theory are the of 


‘contact bonds and the application of orbit-contact bonds to explain the proper- 


ties of organic unsaturated, aromatic, and other compounds, in which the But- 
lerov theory of structure assures a double bond. This ascribing to a cuntact 
bond of possible homopolarity is extremely important, as will be seen already 
fron Chelintsev's reply", since without this assumption the applicability of 
the New Structural Theory to the chemistry of unsaturated and aromatic com- 
pounds, i.e., to the greater part of orgenic chemistry, immediately disappears. 
With regard to the chemistry of saturated compounds — this is the field of or- 
bit, i.e., covalent bonds, to which the New Structural Theory brings nothing 
new. Thus, without homopolar contact bonds Chelintsev’s theory cannot exist. 


Also, according to Chelintsev, the treatment of double bonds in aromatic 
and unsaturated compounds es containing the same sort of contact bonds that 
are characteristic for inorganic structures, which " are subject to the rules” 
of co-ordination numbers, of co-ordination, and of the octahedron”, leads to 
a unification from one single point of view of organic and inorganic chemistry. 
However, the only actual manifestation of the nature of the contact bond pointed 
out by Chelintsev in aromatic, unsaturated, or similar compounds (if we do not 
count homopolarity - for indeed it is not, according to Chelintsev, specific 
for the contact bonds, being, in fact, more characteristic for the orbit bond) ; 
was, before my critical review, the copianarity assumed by Chelintsev for these 
structures, which wes alleged to follow from the octahedral nature of the con- 
tact bond. That is why a withdrawal from this position, which undermines the © 
unification of organic and inorganic chemistry on the basis of contact bonds 
with their identical properties for both fields, is not an exceptional, partic- 
ular case for the New Structural Theory. What, after this withdrawal, has the 
contact"? pond in ethylene in common with the " contact™ bond in common salt, 
the ion Her?, or octahedral complexes? What we are talking about, of course, 
is something in common that stands in contrast to an orbit bond. 


Neither is Chelintsev'’s error concerning an axis of symmetry of diesen 
third order in benzene to be considered as an exceptional case for his theory. 
The essential point about this mistake for the theory is not that the axis of 
symmetry of the crystal (which, at the same time, is given wrongly as an axis 
of third order) is used as an argument for the re of the molecule of ben- 


‘ 


on! e 


zene. The essential point is that Chelintsev cited an axis of hixd-order: age! 
symmetry for confirmation of: his structural formula for benzenet 
From this it 4s clear what sense he attributed (at least, at the. 
time when he wrote the book that I criticized) to the signs + 3 


and ~ that distinguish the adjacent carbon atoms of benzene in 


Chelintsev's formula. He now says that there is no distinction < on 

between the carbons, that his formula, as also the actual 
cule, has sixth- and not third-order symmetry, that the contect 
bonds of benzene are homopolar, and that + and — denote not polerity, but the * 

_ fact of the excess or deficit of an electron, as compared with the nuclear’ * 
charge. . But argumentation on the basis of an axis of third-order symmetry 13 a’: 
definite end convincing thing! It contradicts these assertions. Hence my crite - © 
‘icism of Chelintsev's formula bracketed with the formulas of VorYénder and Berk- 
enheim does not "miss the mark", but is right on the bull's eye. The withdrawal ~ 
from the assumption of an exis of third-order symmetry in benzene which resulted 

‘from this hit is already a rew point of view. Within the bounds of Chelintsev’s 
theory it is inseparable from the postulate of the homopolerity of. the contact - 
bond, In his objections, Chelintsev attempts to give arguments in favor of fs 
what he himself calls the absurd concept of a homopolar electrovalent bond, as ~ 2 
it would appear at a first glance [1]. The matter remains the same hovever, not 
only just at the first glance. So long as a contact bond is understood as an © 
ionic bond, just as a covalent bond is equivalent to an orbit bond — all is in 
order. When in a molecule of ionic structure A* B' we assuze the polarization " ‘ 
of the electron cloud of the anion by the cation, we again are concerned with © 
methods of looking on these matters that are nee and have = — 
for a long time in science, 


If the atoms A‘and B are identical, then we may assume an unstable state” 
aA’ at, However, if we imegine polarization of the anion A’ by the cation At. 
in such a way that the electron density will be distributed symnetrically about | 
both A atoms (with a plane of symmetry perpendicular to the line A- A in its © 
center), then the molecule would be homopolar, non-dipolar, but at the same time 
the electrons of the shell of the former anion A’ would continue to telong to it 
and only to it, which means ebandoning science and assuming purely juridical ~. 
relations between the two A atoms. This is what is meant by a homopolar contact 
bond. Withdrawal from the exis of third-order symmetry and acknowledgement ofan 

. axis of sixth-order symmetry in benzene is significant in that it is an acknow- -- 

: —ledgement that these juridical relations leave no material trace in the molecule. 


Is this really materialism? Is this not a manifestation of free will, if 
not of the electron, then of the nucleus? Have these "connective relationships" 
of electron and nucleus really got very far away from the life force? If it were 
not for these juridical relations, then with such a complete leveling-out of ~ : 
electron density, At A' would change into A - A witha covelent, or as Chelintsev 
wants to call it, orbit bond. Thus, the ability of a contact (i.e. electrovalent) 
bond to be homopolar, which is essential for Chelintsev's theory, is illusory and 
can in no way be justified by means of the examples cited by Chelintsev, such as 
nitrobenzene, w with leveled-out electron densities around the two oxygen atoms, etc. 


The above-menticned juridical relations comprise, in fact, in this special 
' case of electron and nucleus, the "connective relationships" that, according to 
Chelintsev, exist in the molecule in addition to the force relationships and, as 
far as one can understand his ideas, condition the specificity of chemical phe- 
nomena! Such a point of view, in my opinion, is indeed extremely similar to a’ _ 
recognition of a special life force, which is supposed to condition the reany 
ity of biological phenomena. T do not Soubt that Chelintsev ovght to turn avay. 


. 


. 


' fren this point of view ‘ak 50 bie the homopolarity. of the contact bond (in 
| other words, the non-polerity of the polar bond) together with all hssodl conse- 
quences of this that arise in his theory, 


As regards the point of view that I have expressed: Chelintsev.. 
‘ quotes my text correctly, he gives it a. warped commentary. "The. phenomenon of 
the discrete molecule, according to Nesmeyanov," he writes, "is completely en- 
braced within the concept of an electron-nucleus aggregate, and the phenomenon 
of discontinuous change in the qualitative nature of molecules during oo ee 
: - within the concept of the variation of the properties of molecules” [1]. 
have said nothing from which such an inference could be made; it tS. aly 
my assertion, cited by Chelintsev, that "... it does not follow at all that 
chemical phenomena should be reduced to physical and electrical, not to say - 
mechanical phenomena..." [2]. I spoke of chemical reactions as**the conversion 
of one or several discrete particles (molecules), which possess definite gual- 
ities, into one or several other discrete particles (molecules) that possess 
new, different qualities...." [2], but Chelintsev in his commentaries tries to 
allege that I an am cf the opinion that the concept of chemical reaction is to be 
reduced to the concept of the changes in the properties of a moiecule. What is 
this - lack of understanding by Chelintsev of the difference between the con- 
cepts of quality and of property, or a special method of discussion? How it is 
to be called I Jeave the reader to judge. I consid>r that this method is in the 
same category as the declaration that all critics, present end ee of 
one's own theory are Ingold-Paulivgites. 


A molecule is, of course, a nucleus-electron PaO 3 built up in a 
definite way”’, and no special forces, other than the electron-nucleus inter- 
actions known to physics, take part in its build-up; but from this, in no sense 
should the inference be made, which Chelintsev wiskes so much to ascribe to me, 
that the essence of a molecule is limited to this and that the essence of chemical 
change amounts to the redistribution of the nuclei and electrons of the reacting 
molecules. The essence of reaction, the essence of chemical movement, lies in 
the fact that from certain chemical substances as a resule of reaction other 
chemical substances are formed, and this essence cannot be reduced to anything 
else, but constitutes the specific object of study of chemical science. Never- 
theless, this essence of a higher (compared to physical and mechanical) form of 
movement has no need of any special mechanism, maintaining it and conditioning 
it, other than the known interactions of nuclei and electrons. 


Indeed, for example, in this dispute between Chelintsev and ore. the 
essence is not in the mechanical movement of the pen over the paper, not in the 
muscular contracticus that conditioned it, not in the biochemical and electro- 
physiolegical processes in the brain and nerves that preceded and accompanied 
these acts, and so on, but the thoughts that are expressed as a result of and 
through the means of these processes by each of us, thoughts that with respect 
to both their course ard their mutual relations are subject to special laws. 

Our dispute, therefore, is in no way to be reduced to all the enumerated bio- | 
physical and biochemical acts, ani others like them. But it would be an obvious 
idealistic faiiacy to seck as a result some special discussicz force or special 
discussion relationships between cells of the brain with which Chelintsev, must 
1/But not an aggregate, for an aggregate is a chance conglomeration, and a 
molecule is a strictly organized formation — a-structure. Although Chelintsev 
saddles me with the word "aggregate™, I have never used it. ie 


2p, g- in the sense of interatomic distances, energy levels, etc., but not 
in the sense of the presence of special mysterious properties in the. nucleus and 
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be endowed’ in such great measure. In just the sume ane the essence of elinei.> 
movement cannot be reduced to mechanical movement, in spite of the fact, that the 
latter must be placed at the basis of thermal movement. Thermal movement has its 
own peculiar laws, which ere studied by thermodynamics. The concept of tempera- 
ture cannot be applied to a single molecule and its movement. The second lew of 
thermodynamics has no meaning for two or three molecules. Nevertheless, ‘4t would 
be absurd to seek some sort of special "thermal relationships" between these two 
or three molecules and to try to explain the laws of thermodynamics ‘from these’ | 
reletionships. Similar considerations. epply also to chemical and its 
carrier the molecule. . 


After that I have. sala I may ‘repeat by 
ships" Chelintsev understands that specificity of a higher (than mechanical and * 
physical) form of movement, which, indeed, forms the subject of the study of 
chemistry and is manifested, above all, in chemical reaction, then we have an ; 
obvious self-evident thing - a truism. If, however, by connective relationships ~ 
is meant some specific force that stands outside the known physical interactiong . - 
in the molecule or in the combination of nucleus and electron, then this, of | 
course, meens that we are on our way to the introduction into chemistry of the | 
analog of life force. Unfortunately, Chelintsev's “reply” leads one to believe. 
that he holds this second view. If this were not so, there would be no purpose 
in. secking "connective relationships" ecting in the opposite sense to force ~ 
relationships in the interaction of nucleus and electron, and those relationships | , 
of nucleus and electron (in a contact bond) that ve haye called juridical would - 
not have been postulated. We will refer here to the quotation from Chelintsev’s. 
book that we made on p. 215; it gives a very clear illustration of what we have . 
said (I will not go into Chelintsev’s allegation that bonds have not only Coulomb 
energy, but also intrinsic energies [ exchange”, "resonance®]). -Thus, Chelint- 
sev's whole conception is not in accord with the philosophical meanings of the- 
concepts of discreteness, discontinuity, quality, quantity, and property”. -° 


I will pass now to the remainder of ny "particular? remarks that have been. 
the subject of counter-objections on the part of Chelintsev. Chelintsev, in 
bringing forward his leveled-out formula for the CO% ion, has in no sense dis- 
proved my arithmetic; his formula, like any other that takes into account the , 
actual symmetry of ihe CO3 ion, expresses the fact that on each oxygen atom there 
is 1/3 of the charge ef each of the two electrons of the anion and that an elec- 
tron, therefore, is shared between more than two atoms, wy in ies ai 
consists the "delocelization® of which we are talking. ** 


In his objections concerning the leveling-out of bonds in iiodine Chelintsev 
holds entirely to the idea of the homopolarity of contact bonds and to the ideas 
of the juridical appurtenance relationships of electron to nucleus, which leave 
fo material trace. As regards this question, I refer the reader to p. 216... 


Chelintsev writes further ‘that. the octet and tetrahedron rules exist inde- 
pendently of the New Structural Theory (this cannot be disputed — A. N.) and that 
no one has attrituted to them the significance of gereral laws. This is not . 
true. Such significarce was attributed to ther by none other than Chelintsev’ . 
(see quotation on p. 215.) In fact, if Chelintsev had deduced the geometry of the 
contact bond not from octahedral complexes, but, for example, from the ee 
gli, then the result would be that (owing to the coincidence of the tetrahedral . 
geometry of orbit and contact bonds) a tetrahedral configuration would. have... 


electron, which compel ‘the latter ‘to ‘remember that even 1 when it is far removed 
from its master-nucleus and has come into the — of cian of another". ~ 
nucleus, it still belongs to its master. 


4 ‘ 
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particular stability in olefins and aromatic compounds, which is an absurdity. 


Jy criticism of Chelintscv relating to the prediction by his theory of the 
in .bility of benzehe and the stability of the non-existent cyclobutadiene is 
not at all a misunderstanding, as Chelintsev supposes. In fact, Chelintsev 
brings forward arguments (as he now agrees — erroneous ones) to prove the plen-- 
arity of aromatic structures fron the postulate that the contact bond je built 
according to the octahedral principle, i.e. that the angle of four contact 
valencies is 90° (the same also for two) end that they lie in one plene. This .~ 
means thet, in his opinion, the geometry of the contact bond must actually 
determine the configuration of an aromatic system, and not the geometry of the 
orbit bond. From this it will be seen that my inference about the “prediction® 
end my criticism were altogether valid and logical, q 


If at that time Chelintsev had held the view expressed by him in his "reply® 
on p.210 to the effect that the valency angles of covalent bonds are more stable 
than the valency angles of electrovalent bonds, then he would not have made the 
inference of the planarity of benzene, due to contact bonds. Benzene would then 
have been like cyclohexane. The assertion that "the examples of the carbonate 
fon, the guanidine ion, the carboxyl ion, and the nitro grovp show that double © 
orbit-contact (semipolar) bonds are erranged in one plane and form valency 
engles approximating to 120°" is nothing more than a‘statement of experimental 
fact, in no way derived from the *New Structural Theory", or from the geometry 
of orbit or contact bonds. This essertion can have only one reiation with the 
New Structural Theory, that of an additional independent postulate. The neces- 
sity for the acceptance of this postulate hy Chelintsev owing to the collapse of 
his explanation of the planarity of aromatic structures and of olefins has been 
pointed ovt by me in ny “Reply to G.V.Chelintsev.* [2]. 

Actually, the geometry of the contact bond — its construction according to 
the octahedron principle — has remained in force for Chelintsev, even after he 
has acknowledged his error in the explanation of the planarity of aronatic 


structures (this error has its basis only in the forgetting of the fact that two ~ 


straight lines that intersect a third are not bound to lie in one plane). At 
least, he does not say anything about eee this ery of the contact. 


bond. 


It is doubtful is any go into the rema 


by Chelintsev in support of the New Structural <neOry3 they are — uncon- 
vincing. 


Objections to the of the New Theory will be 
only by the withdrawal of these postuletes by their author, When Chelintsev 
renounces the unusual and unnatural properties of the contact bond, converts it 
into an electrovalent bond, expels it from unsaturated and aromatic structures, 
and replaces it, in these structures by a double bond, with its propensity for 
being leveled out in conjugated systems, everything will be in its place. While 
this remairs undone and the New Structural Theory differs (in the properties of 
the contact bord) from the old, this theory ts bound to lead, at least in some 


_ respects, te conciusiors that differ from those of the old theory, and they must 


be verified by experiment. I have pointed out some such conclusiors that are 
in direct corfiict with experiment. Chelintsev has withdrawn these conclusions 
together with certain properties of the contact, tond, but it is essentially from 


properties, taken as an associated whole, that "the Structural Theory™ 
s made up. 


Our reproach to Chelintsev, that he hinset? to meke 
from his theory for verification by experiment, remains in full force. He is 


convinced, however, so he writes, thnt "the New Structural Theory and mesomeriem=. 
resonence theory did rot come into being’ by virtue of their application to some 
newly discovered separate variety of particle that did not come within thé + hee 
of previous theories. In this sense, they cannot not_predict new" 
Comment, as they say, would be superfluous! __ 


Under such conditions, our demand of G. V. Chelintsey that he should not 
only verify inferences mede from the New Structural Theory by experiment, but 
- should also attempt to predict some new facts on its basis is clearly excessive, 


Our chemistry must be thoroughly cleared of all the unhealthy influences of 
corrupt bourgeois philosophy and science, It must be cleared also of wearers 
tion of hore origin, * 


I do rot doubt that by the joint ‘harmonious efforts of Soviet chemists 
this will te done and that Soviet chemistry will develop still more widely and 
more brilliantly, utilizing in full our precious classical inheritance of Russian 
chemical science, the most recent results of chemietry and physics, and the 
great philcsophy of Marxism-Leninisa. 
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CHRONICLE 


At the Academy of Sciences of the Armenian S.S.R. in Erevan on October. 
24-31, a conference was held on the problem of the reletion between chemical - 
structure end pharmacological activity as basis for the search new 
medicinals,. 


Thies conference, the first ir our Union, was a 
pharmaceutical laboratory of the Academy of Science of the Armenian S.S.R.y ~ 
under the directorship of Corr.Mem. Prof. A.L. Mndzhoyan, wit 


Scientific workers from Moscow, Leningrad, ween Baku, end other — 
parts of the Union attended the conference. ’ 


The lerge number of papers (more than 20) drew a big audience and called’ 
forth lively discussion, which considerably helped in the elucidation of very 
important questions that.are exercising the minds equally of chemists, pharma-_ 
cologists, physiologists, and clinical physicians. The absence of biochenists 
was noted with regret, and the conference resolved to take measures in future to 
bring clinicists and biochemists together in this work. The importance of the 
latter is very great for the solution of questions closely related to the prop- 
erties of medicinals and to the role of the substrate of the orgenism, which 
directly reacts with the chemical compound. 


The responsible role of clinicists in the characterization of eilitinieien: 
preparations is beyond doubt, and their participation in the solution of the 
problem of the relation between chemical structure and biological action is quite 
essential in order to settle quickly the important question of the depositing of 
the chemical preparation in the treasure house of the pharmacopeia. 


Of the large number of papers it is possible to note only a few that are of 
leading importance. As an introduction, a short historical sketch was given of. 
the development of the pharmaceutical chemicals industry in our country. 


Honored Scientist Dr. N.V.Lazarev gave ‘the introductory paper on certain- 
general questions in the study of the relation between structure and Pov lil 
Reg.Mem. Acad.Sci.USSR Kh.S.Koshtoyents gave an interesting end circumstantial: 
eccount of his experimental physiological work concerning the significance of - 
the sulfhydryl groups in the substrate of the living organism, and he emphasized 
particuarly the importance of I.P.Pavlov’s teaching for the rational conduct of 
pharmacological investigations. Kh.S. returned to this theme on several occa-" 
sions in his many sp2eches. *The Chemistry and Pharmacology of Choline-négative 
Agents” was treated in an illumirating paper by Prof. M.Ya.Mikhelson (Ieningrad).- 
Corr.Msm of the Academy of Medical Scierces Prof. V.M.Karasik (Leningrad) ana-> 
lyzed in detail the fundamental variants of the competitive interrelations beet 
tween substances of similar chemical structure and behavior. 


An interesting pharmacological paper was giver. by Prof. M.D. ¥ ishkoveky 
(Moscow) on chemical structure and antihistamire activity; he considered that. 
the utrost attention must be given to the importance end necessity of oceans, ; 
the behavior of medicinals under fron side. 


. 
e 
. 


. 


Peet 2 The director of the pharmaccutical laboratory of the Acad. Sci. U.S.5.R., : 
om Corr. Mem. Prof. 0. L. Mndzhoyan gave a circumstantial paper on the relation 
B between chemical structure and anesthetic activity in organic compounds. In 
- ,  , ‘this’ paper, the review ot original work in the Erevan laboratory is particu- 
a larly valuable. This communication, and also interesting reports by the la- 
' poratory workers themselves, revealed the caliber of the young leboratory staff 
end gave every reason to believe that chemical work was being carried on at a 
high level in close contact both with local er and with many 
Leningrad workers. 


A very important comaunication was made i Dr. (mea. sci.) 0. G. Birger ee. 
“ (Moscow) on combined chemotherapy. As is well known, in the treatment of many 
diseases due to micro-organisms, sulfamide, antitubercular, and other prepara- 
_ttons give rise to resistant strains of organisms, which are not susceptible 
to these drugs. Dr. Birger, giving many exemples, showed that a good method 
of dealing with this troublesome wince could be — in combined chemo- 
therapy. 


In a brilliant paper, Prof. Shamyakin (Moscow) wbentned in detail the 
question of the structure and biological activity of antibiotics. These com- 
pounds, which in a very short time have come to form a new important section 
of organic chemistry, were treated with exceptional saan end fulness. 


Of the other chemical papers we may mention that of Prof. O. Yu. Magid- 
son (Moscow) concerning the structure end chemotherapeutic activity of sulfa- 
mide preparations. Prof. Magidson is one of our greatest experts on this 
question and hss done much valueble and original work in this importent field, 
in which he has established the principal chemical regularities. 


Other interesting papers were that of E. S. Golovchiskaya (Moscow) on 
derivatives of caffeine with various substituents in the 8-position and that 
of M. N. Shchukina (Moscow) on her very original investigations on the syo-— 
thesis of antitubercular chemotherapeutical substances. 


In connection with M. N. Shchukina’s paper, we may mention also the 
interesting communication of V. G. Afrikyan (Erevan) on the chemical structure 
and antitubercular activity of certain amides. 


. It is not possible to enumerate all the interesting Ginhtens dealt with 
at the conference; they provide rich material on the fundamental question of 
the relation between chemical structure and biological activity in organic con- 
pounds. The conference noted also many short-comings in chemical work and 
pharmaceutical investigation and made veluable proposals for the elimination 
of great and small defects both in the scientific research institutes and also 
in other scientific and industrial organizations. Resoluticns were carried 
unanimously relating to the necessity for carrying on scientific work on the 
basis of the teaching of Butlerov and Markoviikov, for paying greater atten- 
tion to the study of the physical properties of organic compounds, and, in =< 
generai, for carrying out the characterization of compounds more accurately 
end in greater detail in all respects. The pharmacological study of medici- 
nal preparations must be carried on in the spirit of the fundamental theories 
of I. -P. Pavlov, who laid down ali the prerequisites for the creation of ra- 
tional pharmacology and experimental medicire. A very important proposal was 
made by the conference concerning the setting-up of a gereral center for the 

_ €o-ordination of all the organizatiors working on the problem cf ™ chemical 
structure and activity"', and it was decided to make a request to the Presid-. 
ium of the Acad. Sci. U.S.S.R. concernirg the organization of such a center. 


: The conference provided a large amount of material on the problem of 
"structure and activity", resolved to print the "Transactions of the Con- 
ference" as soon as possible, and proposed that a second such conference should 
be called in the near future to consider the question of Seruetem and the bio- 
logical activity of natural compounds. a 


- 


” CONFERENCE ON THE BASIC PROBLEMS OF PHOTOGRAPHIC SCIENCE ws 


> 


During the period June 29=- July 4, 1951 at Odessa, ‘there was held an. 
@ll-union conference on the basic problems of photographic science, o-genized | 
by the Committee on Photographic and Cinematographic Science of the Div. Chen. - 
Sci. of Acad. Sex. U.S.S.R. and by Nechnikov State University of 
Odessa. 


Participants. in the included many of our scien- 
tific institutes and of industry. Delegates and speakers came from several ine 
stitutes of the Acad. Sci. U.S.S.R.,. from the Institute of Orgenic Chemistry. of 
the U.S.S.R., from the Moscow State University, from the Odessa State University, 
from the All-union Research Institute for Cinematography and Photography, from 
the State Optical Institute, from the Leningrad Institute of Cine-engincers, 
from the factories and studios of the ee of re of sess U.S. SR.» . 
and from many other such places. 


Opening the conference, the of the on Photographic 
and Cinematogrephic Science, Prof. K. V. Chibisov, pointed out thet this Was 
the sixth all-union conference on photographic science. The first three con- 


ferences tock place before the Patriotic War - in 1932, 1957, and 1941. At the. 


end of the war, the work of corivening all-union conferences fell on the newly 
created Committee on Photogrephic Science of the Acad. Sci. U.S.S.R. Since then, 
three further conferences have been arranged — the fourth, at Moscow in 1949, at 
which the scientific and technical applications of photography end cinematography 
were considered; the fifth in 1950, also at Moscow, which was devoted to ques- 
tions of photogrephy and cinemetography in color; and, finally, the present, 
sixth conference on the basic problems of photographic science, called in Odessa. - 
The choice of place for the sixth conference was not an arbitrary one — Odessa, 
as the seat of the Physics Research Institute attached to Odessa State Univer- _ 
sity, is one of the scientific centers of the photographic field. This center 
was built up by the work of a senior Soviet physicist, Prof. E. A. Kirillov, who 
set up a school of scientific work and for 25 years has directed the reseerch 
institute referred.to. In calling the conference in Odessa, the Academy Com-. 
mittee on Photographic and Cinematographic Science has werked the twenty-fifth . 
anniversary of the founding of the Odessa State University Institute of Physics 
and has called attention to the velusiie vers of Prof. E. A. Kirillov ang his 
scientific school. 


~ 


An extensive discussion was made at the conference of ities basic eS 
lems in photogrephic science, which lie at the basis of all photcgraphic tech- - 
nology, inclrding also cinematography: 1) the nature of photosensitivity and 


of the letent photographic image, 7 — peananvuaiiing and he the process 
of photographic development. 


In discussions on the aature of and of the latent 
Graphic image (three sessions), an important place was occupied by the work of 
E. A. Kirillov and his students (S. I. Golub, A. S. Fomenko, Zh. L.: Brow, 

M. E. Fonkich, T. Ya. Ser®, A. BS Kotlyarovsky, and others; papers were read by’ 


E. A. Kirillov,_ Zh. L. — and M. E. ait In this work, which is of 


- & 


. 


great interest for the theory of the latent image, it was shown that the ab- 
sorption of photochemically and additively colored crystals of silver halide 
has a fine structure with a series of maxima over the whole region from 350 
to 750 mp. These maxima of light absorption closely correspond to the maxima 
of photoconductivity. -It is interesting that the absorption maxima in the in- 
interval 450-540 mpand at 600 mp in the crystals of silver chloride, bromide, 
and iodide correspond satisfactorily, which points to the feeble influence : 


f the basic material on the structure of the corres~- 
of Wie. tice canters. Analogous structures were found not only for free 
crystals but also for exposed silver bromide photographic emulsions. = 


On the basis of these investigations it was concluded that, as well 


- as colloidal particles, atomic centers and complexes of two, three, or : 


more atomic centers - exist in colored silver halide. The atomic centers,. on 
increasing the exposure or the degree of dispersion of the silver, grow into 
colloidal centers. The centers that give rise to the fine structure are pre- 
served even with exposures that produce intensive coloring. The spectrum of 
centers that are distributed within the crystal has an analogous structure, 
but with a different distribution of intensities. The absorption of a photo- | 
graphic emulsion that has not yet been exposed to light also has a fine struc- 
ture. Thus, centers with which a fine structure is associated arise not only 
at all stages of the photochemical process, but also during the ripening of 
the photographic emulsion. Investigations were made also of the intensifica- 
tion of the latent photographic image under the action of light (Zh. L. Broun). 
It was four:d that a weak second exposure converts sub-letent centers into de- 


_ velopable centers, while having little influence on the remaining particles of 


the latent image. 


K. V. Shalimova discussed the nature of the centers of luminescence in 
silver halides. In this work an investigation was made of the luminescence of 
the chloride, bromide, and iodide of silver at the temperature of liquid air. 
The phosphors were obtained by sublimation of the respective silver salts, It 
was found that silver could be used as an activator of the luminescence. On 


- the-basis of the results obtainéd it was concluded that silver atoms are the 


source of the luminescence of silver halide phosphors containing both smell and 
large amounts of activator. Further increase in the content of silver atoins in - 
the lattice of the phosphor under the action of light leads to a state of the 
activator characterized by an absorption spectrum and absence of luminescence. 


‘This activator, which is in an unstable degenerate state, may be compared with 


the silver atoms that are feebly attached to the lattice of the crystal, the 
absorption of which was studied by E. A. Kirillov. The further formation of 
silver atoms under the action of light leads to the formation of colloidal sil- 


ver particles, which give the absorption of color centers and do not show lum-~ 
inescence. 


- F. F. Volkexshtein reported on color centers in silver halide crystals 


and developed new ideas ccncerning the mechanism of the photochemical develop- © 


ment of coler in crystals and the physical nature of color centers. Attention 
was drawn to the fact that at the nresent time there is not sufficient evidence 
to enable a final choice of a mod2l1 cf an F-center to be made. The concept of 
Ya. I, Frenkel and Pohl, according to which en F-center is a silver atom (an 
electron near to an interstitial silver ion), and the concept of de Boer, ac- 


- cording to which an F-certer is an electron situated in a vacant anion space, 


have equal right to existence. 


P. V. Meiklyar read a paper on the nature of the photochemical and photo- 
electric sensitivity of silver halide crystals and of the photographic laver. 
Comparison of the photoelectric sensitivity curves of silver halide with the 
spectral sensitivity curves of photographic layers of the same composition 


| 


leads to the conclusion that the maximum of the spectral sensitivity curves in‘. 


the bluc-violet and near ultraviolet regions of the spectrum is determined by 


light absorption by F-centers (which in silver halide crystals are analogous * 


in nature to the F-centers of alkali halide crystals). In silver halide crys- 
tals, F-centers may be formed not only by the action of light or heat, but 

e@lso during the preparation of the emulsion and as a result of interaction of 
labile sulfur present in the gelatin with silver halide. The F-centers formed 


partially combine together to form centers of metallic silver. When the cryse - 
tals jn the emulsion absorb light, electrons are liberated both from F-centers*- 


and from halide ions. However, the F-center photo-effect plays a ee 
part, since it occurs with a greater quantum yield, © 


An interesting paper on the relation between the entenis of optical : 
levels in ionic crystals and their X-ray absorption spectra was read by A. I. 
Kosterev. K. V. Chibisov reported on the untenability of Sheppard's theory 
of light-sensitive centers of silver sulfide. On the basis of his experimen- 


tal results, obtained in conjunctica with A. A. Mikhailov and A. A. Titov, he . 


has concluded that the effect of chemical sensitization by sulfur compounds ~ 
observed by Sheppard is not only inaccurately described, but is essentially 


incorrect, end hence the theory put forward by him in 1925 and widely accepted ~ 


must be considered altogether invalid. As the lecturer showed, sulfur com- 


pounds accelerate chemical ripening only in so far as they are able to accele. . 


erate the reduction process, which has a direct effect on the changes in the _ 
photographic properties of the emulsion during the second ripening stage. As 
regards the mechanism of the acceleration of chemical ripening, the observed 
acceleration is evidently due to increase in the reactivity of silver ions in 
the crystal lattice near to the silver center, which results from the ee 
tion of " accelerator” molecules at bromide-ion sites, | 


I. M. Ratner, speeking for himself and on behalf of A. ‘Ke Titov, read . 
paper on the part played by internal centers formed when the emulsion is illum- 
inated during ripening. The observed desensitizing action of internal silver 


centers _". well with the earlier observation of K. V. Chibisov, A. A. 


Titov, and A. A. Mikhailov. The mechanism of this reaction is to be explained. 


by the competition between internal and surface centers for the capture of _ 
photo-electrons. It was shown also that the formation of metallic silver by . 
exposure of the photographic emulsion in the first ripening stage leads to 


diminished sensitivity only in the beginning stages, and with increased illum- % 
ination the sensitivity is found to rise egain. The results obtained are of .. 
fundamental importance for the understanding of the role of internal. centers. 


The properties of photographic layers that have been subjected to con- 
tinuous illumination for varying times, or to periodic illumination, were the . 
subject of a paper by A. L. Kartuzhansky. It was found that the laws observed - 


for discontinuous illumination were basically similar to those observed for... | 
continuous illumination. At the same time, quantitative differences between the 


two effects and also a number of peculiarities observable with discontinuous * 
illumination point to the existence of differences in the mechanisms of the - 
two phenomena. These differences, as might be supposed, are connected with 


the fact that the of latent- formation continues also 
dark intervals. 


In I. M. Roikh's paper, the of the effect of 
vapor on the latent image was considered. It was shown that, according to the 
exposure, the effect of hydrogen peroxide could be not only of an intensifying 


nature, but also of a reducing nature; this effect is evidently connected with: 


the two Ses (oxidizing and reducing) in which en peroxide can function. 


The comparative effects of electrons and of light on photographic layers 
were treuted by S. G. Grenishin. It is found that for a-layer of low sensi-. 
tivity to electrons the latent-image centers formed are similar to those formed 
by a short and intense exposure to light, whereas for a layer of high sensi- 

tivity to electrons the latent-image centers formed are similar in es: 
to those formed by prolonged and feeble illumination. 


B. A. Barshchevsky read a paper on the quantum yield in diotediintea’ and 

““ photo-electrical precesses in silver halides, and he criticized the methods of 
calculating quantum yleld used previously (Hilsch and Pohl, le Feld). In this 
paper, however, there were no convincing theoretical generalizations, and also 
no experimental data were cited. 


Two sittings were devoted to of problems of optical 
‘gation. A considerable proportion of the papers was concerned with the mechan- 
ism of optical sensitization. E. K. Putseiko, speaking on behalf of A. Ne. 
Terenin and of himself, read a paper on the sensitization by dyes of the inter- 
nul photo-effect in semiconductors (Zn0, ZnS, T1Cl, T1Br, T1I, AgCl). The con- 
denser method, which permits the detection of the positious of local levels in 
‘the semiconductors and also the tracing of the accumulation of electrons in 
then, was used in this work. The semiconductors investigated have their own. 
photoelectric sensitivity in the near ultraviolet and in the short-wave region 
of the visible spectrum. As a result of adsorption of dyes, photo-effect max- 
ima appear in the visible region of the spectrum which cannot be attributed to 
dye microcrystals precipitated on the surface of the semiconductors and is due 
to adsorbed molecules. It was shown further that the photo-effect in the sen- 
sitization region shows a consid2rable temperature coefficient, whereas the 
sensitivity peculiar to the semiconductor itself changes insignificantly with 
temperature. It was shown also that the sensitizing effect (for T1I) depends 
_ on the concentration of F-centers in the semiconductor. Thus, the experiments 
show the possibility of electron exchange and accumulation of electrons in a 
-crystal due to light ebsorption by molecules localized on its surface, which 
is a fact of great interest for the theory of opticel sensitization. 


‘Yu. N. Gorokhovsky reported on work that he had carried out in conjunc- 
tion with B. V. Barbarin and E, I. Ozhereleva concerning the relation between 
.adsorption of sensitizers, light absorption, and light-sensitivity in sensitized 
photographic layers. For the experiments, emulsion crystals, separated from \ 
photographic emulsions by fractional centrifugation, were used. It was found 
that the adsorption of the sensitizing dyes depends on the dimensions of the 
emulsion crystals (increases with decrease in dimensions), on the composition 
of the solid phase (increases on going from silver chloride, through bromide, 
to iodide), ard on the duration of the chemical ripening of the emulsion. It 
was found also that the spectral sensitivity curves and the light-absorption 
curves for the aisorbed dyes (with the exception of erythrosine) coincided. It 

. was concluded on the basis cf the experimental results that the structure of . 
; the adsorbed layer depends not only on the initial state of the dye in solution, 
_ but also on charges in this state in the adsorbed layer, depending on the degree 
of adsorption. Work on the adsorption of sensitizers on pure silver bromide 
was reported by K. S. Lyalikov and Z. J,.--Pétrushkina. It was show= in this 


work that a monomolecular of sénsitizer is adsorbed on sil- 
ver bromide. 


S. V. Natanson a paper on the yield of the 
tolysis of silver bromide. Quantum yieids were determined for a number of dyes 
for wavelengths 436 and 578 mp, which correspond to the sensitivity of silver 
bromide itself and to the viata tar esses of the molecular state of the dye in 


- 


3 


solution, It was found that the quantum yield of photolysis in the band of: 

the intrinsic sensitivity of silver bromide is somewhat changed in presence . - : 
of the dye, which does not ebsorb in this region of the spectrum. The quantum °° 
yield is the less, the stronger the tendency of the dye to show a desensitize Mia 

ing effect. Quantum yields of photolysis in the sensitization wee, bear a. 

definite relation to the photographic efficiency of the dye; 


A. V. Borin read.a paper on the effect of geletin on the absorption 
spectrum of a benzthiacerbocyanine dye. The dye showed a long-wave absorption _ --: 
band (I-bend) and a short-wave absorption maximum (P-band). For various gela-:. — 
tins the intensities of these bands varied appreciably, and various fractions . 
of gelatin obteined by fraction dissolution of geletin in water differed in 
their effects on the two bands referred to. The relative intensities of these 
bends depended also on the interaction of the gelatin gels with the silver bro- 
mide surface (both pure and containing AgoS).. The results obtained were intere. - 
preted in terms of interaction of the dye with gelatin molecules. Questions- 
concerning the synthesis of optical sensitizers and the relation between struc- 
ture and sensitizing propensity in = were examined in papers by E. D. be ee 
and I. I. Levkoev. * 


E. D. Sych, speeking tia Bekele of A. I. Kiprianov, made a report on the 
work of the Institute of Organic Chemistry of the Ukrainian S.S.R Academy of 
Sciences on the synthesis of photosensitizers. The Institute has carried out 
a@ great volume of work on the synthesis of dyes of various classes. The ine - 
vestigations on dyes have revealed the great significance of steric hindrance. 
in dye molecules with respect to its effect on color and other Properties, 
including the sensitizing propensity of the dyes. ‘ 


I. I. Levkoev lectured on the relations between structure ae photo- Pe 
graphic activity in sensitizing dyes. Taking numerous exemples of dyes syn- . 
thesized in the leboretory directed by the lecturer, the dependence of the © 
. sensitizing properties of dyes on their structures was exanined. The effect 
of substituents both in the nuclei and in the polymethin chain, the effect of - 
the length of the polymethin chain, the structures of the heterocyclic nuclei, 
and so on were traced. The lecturer pointed out also the great importance of 
the basicity of the dyes for sensitizing effect (fogging ection in the case . 4 
of high basicity and desensitizing action in the case of low basicity). Also — 
at the sittings devoted to optical sensitization, I. I. Breydo reported on 


the question of the effect of ise: ‘tion on the resolving power of . 
emulsions. 


Three were to concerning photographic develop- - 
ment. G. P. Faemnan gave two papers. The first of these, which was in the 
nature of a review, was devoted to the present state of the electrochemical . 
theory of development. This theory, which has been developed systematically 
_ Over a long period by the lecturer and his coworkers (S. G. Bogdanov, V. A. 

Veydenbekh, A. I. Kan-Kogan, S. I. Cherbov, and N. N. Shishkina) has suc-. 
ceeded in explainirg a considerable number of facts concerning the relationge..- ~ _. 
between the properties of developers end their compositions and also certain . 3 
questiozs relating to the mechanism of development. In the second paper, 

G. P. Facrman, on the basis of experiments carried out in conjunction with 
E. D. Vceykova, examined the mechanism of the catalytic action of development — . ° 
centers. On the basis of electrochemical concepts it was suggested that ; 
catalytic action in the development process would be shown by metals or by ; ee 
compounds that possess electronic conductance, Experiment has confirmed this -. “~ 
Suggestion for the reduction of silver nitrate by certain developing agents.. : 


‘ 
‘ 


In 8, G. Bogdanov and N. V. Folynkov's paper, the significance of the 
buffering action of the developing solution in the development process was 
considered. Experiments have shown that developers of similar corposition, 
but with differing acid-base buffer reserve, do not behave in the same way’ . 
in use, the developers with low buffer reserve having "leveling-out" proper- 
ties, The work has shown also that the composition of the developer in the 
layer may, owing to exchange difficulties, be different from that in the out- 
side solution, and this also is related to the buffer reserve of the developer, 
and it is of great importance for the results of development. 


wis N. N. Shishkina reud a peper on the dependence of the developing pro- 
pee cess on temperature. She showed that the fundemental postulates of electro- 
chenical theory were applicable elso in investigations on the dependence of 

development on temperature, in as much as they enable various developers, . 


which guarantee constant of temperature, to be up by. 
calculation. 


Lyalikov, on his own behalf and on behalf ‘of V. N. Piskunova, 

7 read a paper on a microphotographic investigation of the development process. 

a g The authors attempted to solve by this method the question of the part played 
by the solvent in the developer and to determine absolute rates of the growth 
of the silver crystel during developnuent. The results obtained throw consider- 
abie doubt on whether reaction proceeds via the solution in normal chemical 
development. For the solution of the second question a statistical method of 
investigating the developed microcrystals of silver bromide was worked out. 

It was found that the developzent of the grain has an autocatalytic cheracter, 


with a dwindling in rate, hewever, towards the end of the — of the 
grain. 


read « paper on into the kinetics of the 

. development of photographic layers. It was shown that a unimolecular reaction 
equation can be applied satisfactorily to the rate of image development only in 
special cases when working with developers of high selective action. The de- 
velopment of fog often follows closely to a straight line law, which {s to be 
explained by the formation of fog centers during development. In order to ex- 
plain the experimentally observed dependence of development rate on time, the 
lecturer ‘brought forward theoretical considerations that took into account the 
distribution of latent-image specks of varying activity within the grains and 
the autocatelytic character of the developrent of an individual grain. 


N. M. Zyuskin read a paper on the dissolution of silver bromide in the 
course of photographic development. The experiments consisted in bringing silver 
imeges and photegraphic layers impregnated in developer into contact; the 
photographic layers were afterwards developed. Dissolution of silver bromide 
was to be observed in places in the photographic layer that had been in con- 
tact with the silver of the image, while the image was intensified in these 
places. This work poinis to the importance of diffusion processes and of the 
solubility of silver bromide in the development process. foe 


All the papers gave rise to lively discussions. 


When the work of the conference had been completed, a resolution was 
passed. In this resolution it was pointed out that deeper investigation into 
the essentials of the photographic process has not only permitted Soviet ~ 

. Chemico-photographic, cinematographic, end optical industry to be brought to 
the technical level of the correspondirg branches of indus try of the large 
capitalist countries, and even into a leading place in individual questions, 

me but also created the prerequisites for the further powerful development of 


these branches of industry. The progress of theoretical work in the photo- 
graphic field in the U.8.8.R. is to be explained above all by the complex and 
planned character of the scientific investigations, which are carried out in 
close co-ordination with the demands of industry. The progress of theoretical 
investigations in photographic science results to an appreciable extent also 
from work done in allied branches of physics and chemistry, 


The conference, in its resolution, took note of the very important prob- - 
lems that stand before workers in the field of theoretical photographys - ‘ 


- 1s. Further study of the nature of the fine structure of the absorption 
spectra of photochemically colored silver halides, which was discovered by 

E. A. Kirillov and his coworkers. Development of work on the comparison of . 
photochemical and photoelectric sensitivity in silver halides end the eluci- 
dation of the nature of color centers end of their relation to photographic 
sensitivity. Further development of investigations into the nature and origin 
of sensitivity centers in the crystals of photographic emulsions. Initiation 
of investigations into the photographic action of various ee over & 
wide interval of wavelengths. 


2. Carrying out investigations of the quantum yield in the ee of 
intrinsic and of sensitized sensitivity of photographic emulsions, Develop- 
ment of work both on the mechanism of optical sensitization and also on the 
sensitizability of photographic emulsions. Initiation of investigations di- . 
rected toward the establishment of the relation between the structure of _ 
sensitizers, their physicochemical properties, and their sensitizing action. 


3. Investigation of the mechanism of the catalytic action of silver 
in the development process. Study of the kinetics of the development both of 
separate-.emvlsion crystals and of the photcgraphic layer as a whole. Study 
of the effect of diffusion processes on photographic development. Investiga- 


tion of the effects of various factors on the final results of photographic 
development. 


Attention was drawn in the resolution to the delay in the publication 
of the transactions of conferences and discussions organized by the Comnittee 
on Photographic and Cinematographic Science. The conference found it neces- 
sary to recowsend in the resolution that the Bureau of the Committee on Photo-. 
grephic and Cinematographic Science of the Academy of Sciences of the. 
U.S.S.R. should again make 2 petition regarding the ewe of a special 
journal on photographic and science, 


—" 
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